Vorlesunq fur Studierende aller Fakultaten: Terra-Astronomie

SoSe 2017: Vorlesung Mo 14:15-15:45h + Seminar Mo 15:45-17:15h

(Raum)
+ Ubung Do 14:15-15:45h (Seminarraum Sternwarte SchillergaBchen 2)

Studium transienter Himmels-Phanomene (nahe Supernovae, Sonnen-Variabilitat, Kometen etc.) mit Wirkungen
auf Terra: Erd-Klima, Biosphare, Weltraum-Wetter, Kultur, Literatur, etc. — untersucht mit astronomischen Methoden
einschliellich terrestrischer Archive: u.a. Radionukleid-Vorkommen (z.B. 1C) und menschliche Beobachtungsberichte.

| www.astro.uni-jena.de > Terra-Astronomy
i

T  Inhalte der Vorlesung:
T e @M - Sonnenaktivitat: Flecken, Aurorae, Radioisotope
i | | - Solar-terrestial relations (Weltraumwetter)

- Halo-Displays (und ihre kulturelle Bedeutung)

- Supernovae und ihre Uberreste

- historische Beobachtungen verstehen und nutzen
- Astronomie fir historische Chronologie

- Kalender-Compuitistik etc.

Info: ralph.neuhaeuser@uni-jena.de

8 ECTS Punkte
bei erfolgreicher Teilnahme an Ubungen (insbesondere fiir Studierende der Naturwissenschaften) und/oder

erfolgreicher Teilnahme am Seminar (insbesondere fiir Studierende der Geisteswissenschaften)




Vorlesung Terra-Astronomie

SoSe 2017, montags 14:00h s.t. bis 15:30h
Ho6rsaal HS 2, Abbeanum, Frobelstieg 1

Mo 3.4. Einfithrung: Historische Beobachtungen aus Europa, Arabien und Ostasien und ihre
Relevanz fiir die aktuelle Astronomie

Do 6.4. System Sonne-Erde-Mond und Kalender-Systeme

Mo 10.4. Aktivitit der Sonne

Mo 174. Feiertag (Ostermontag)

Mo 24.4. Aurorae: historisch und aktuell (MSe Daniel Wagner)

Mo 1.5. Feiertag

Mo 8.5. Sonnenflecken: historisch und aktuell

Mo 15.5. Radioisotope und Grand Minima der Sonnenaktivitéit

Mo 22.5. Himmelsbeobachtungen in der Karolingerzeit: Wer war der Anonyme Astronom ?
Mo 29.5. Halo-Displays und ihre kulturelle Relevanz

Mo 5.6. Feiertag (Pfingstmontag)

Mo 12.6. Sternentwicklung: Supernovae, Neutronensterne, Gamma-Ray-Bursts
Mo 19.6. Historische Supernovae

Mo 26.6. Runaway-Sterne in Supernova- Uberresten

Mo 3.7. 60-Fe in der Erdkruste - nahe Supernova vor 2 Mio Jahren ?



Terra-Astronomie
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variabler Sonnenaktivitéat
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www.astro.uni-jena.de -2 Terra-Astronomy

Terra-Astronomie:

Untersuchung variabler energiereicher kosmischer Vorgange
wie nahe Supernova-Explosionen und Sonnen-Variabilitat
mit Wirkungen auf Terra: Erd-Klima, Biosphéare, Weltraum-Wetter, Kultur, etc.

Terra-Astronomie untersucht terrestrische Archive, u.a. Radionukleid-Vorkommen
und von Menschen verfasste Berichte, auch mit astronomischen Methoden.

|. Historische Zeit: mindestens ~ 3000 Jahre
Z.B. Rekonstruktion der Sonnenaktivitat,
historische Supernovae etc.

[1. Astronomische Zeitskala: Millionen Jahre (Neutronensterne, Runaway-Sterne)




Belsplel Nahe Supernova (SN) vor 2 Mio Jahren
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Breitschwerdt et al. 1996 etc.
Breitschwerdt & Berghofer 2002
Maiz-Appelaniz et al. 2001
Benitez et al. 2002

Fuchs et al. 2006

LCC: Lower Centaurus Crux
UCL.: Upper Centaurus Lupus
US: Upper Scorpius
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The 59Fe/Fe ratio versus the age of the crust based on the new '?Be dating.



Isolierte Neutronsterne: Jung und nah

RXJ1856 — sehr hell (ROSAT) RXJ1856 — sehr schwach (Hubble Space Tel
ROSAT PSPC V=25.7 mag

X
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(Walter, Wolk, RN 1996 Nature) _(Walteretal. 1997)

Objekt Temp. Periode Puls- Optisch Eigenbewegung

KT [eV] [Sek]  Anteil % [mag] [mas/J.]

'RXJ0420 44 3.45 17 B =26.6 <123
RXJ0720 90 8.39 11 V = 26.8 108
RXJ0806 96 11.37 6 B>24 <86
RXJ1308 86 10.31 18 ~ 28.6 223
RXJ1605 96 - <3 B=27.2 145
RXJ1856 64 7.05 1 V =257 332

RXJ2143 100 9.44 4 B=27.0




Ergebnis der Ruckrechnung
RX J1856.5-3754

seit 1558
,,,,,,,,,,,,, +30°
Predicted present day parameters of RX J1856.5-3754
vy [km/s] A%
7 [mas] 8.0f8:'§
e p, [mas yr—1'] 326.7+0.8
Y (s [mas yr=1] —59.1 £ 0.7
vsp [kmy/s] 184717
Predicted SN position
distance to the Sun [pc] 153fg
right ascension [deg] 241.5f{'?
0° o = ~+0.7
e declination [deg] —25.775¢
time in the past [Myr] 0.46f8:8'§
distance from US centre [pc] 8.7+2.1
15°
0° 330° N
- - Tetzlaff, Eisenbeiss, Hohle, RN, 2011, MNRAS



Ergebnis der Rlckrechnung
RX J0720.4-3125

seit 1558

Assoc. U Py {5 Usp
[km's] [mas/yr] [mas/yr] [km/s
—> TWA 376755° —02.841.4 553417 41617
Tuc-Hor 52078F —02.841.4 55.34+1.7 5401
3 Pic-Cap 4017109 —02841.4 553417 501t
HD 141569 3061507 —02041.4 551417 4247
AB Dor Arstil? —02.841.4 553417 401t
Col 140  —670...+ 500 —092.841.4 5534+1.7 4637]
—>Tr 10 2741130 —02.741.4  55641.6 3007 r
CarA 4041190 —02.741.4  55541.6 4271
4158 _ 1 Figure 6. Past trajectories for RX J0720.4—3125 and Tr 10 and TWA,
Argus A88TLe”  —92.7+1.4 556416 3007 respectively, projected on a Galactic coordinate system (for particular sets
. . . . of input parameters consistent with Table 6). Present positions are marked
2+ GEbu rtS-ASSOZ|at| onen mog I |Ch . with a star for the neutron star and a diamond for Tr 10 and an open circle

for TWA. Large circles reflect association extensions (radii of 23 pc for Tr
10 and 33 pc for TWA).

Runaway Stern als friherer Begleiter ? _ _
Tetzlaff, Eisenbeiss, Hohle, RN, 2011, MNRAS
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er Ruckrechnung
10720.4-3125

0.12
10.10 °
10.08 Lo
10.06

0.04

fraction of runs per bin [10 '2%]

0.02

70 20 40 60 A 240°
dmin [pc] {bin size: 2pc x 0.05Myr} &
HIP Assoc./cl. T Vg Vap m L-!Tl' s {E'\ 1L'Ip;r'og
[Myr] [kmy/s] [km/s] [mas] [pc] (€] [“] [M]
43158 Tr 10 0.70...1.00 —7673% 1g3t? 35403 agrst 13100 ? _agstR 13 — 15

57269  Tuc-Hor  0.20...0.33 51175, 5927 .0 /6.3700\ 277y 171175 —424700 = 10-—12
76304 3 Pic-Cap 0.52...0.70 300127 338720 \5.8t)0) o52%)  2265F)0 —20071% =19-33

HIP 43158: BOII/Ill Einzelstern, vsini = 96 + 15 km/s
. vorheriger Begleiter des SN-Vorlaufersterns ?

gemessen: 7 = 3.6 £ 1.6 mas
[Eisenbeiss 2011, PhD, Jena]

Tetzlaff, Eisenbeiss, Hohle, RN, 2011, MNRAS



galactic latitude

Berechnung der Bewegung
isolierter junger Neutronensterne
In der Vergangenheit:

® Masse-reiche
Sterne

jetzt vor 1 Mio J.

OB-Assoziatione

om0

®  PSRBf
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Tetzlaff, RN, ... 2010 ...

2014
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* Neutronenstern mit bekannter Eigenbewegung
* Neutronenstern ohne Eigenbewegung
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Neutronensterne, Runaway-Sterne, OB-Assoziationen ...

O OB association/ cluster
—— Neutron stars
Runaway stars
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Starker Variation
des Radiokarbon (*4C)
umAD 775
In japanischen Zedern
(Miyake et al. 2012)

A Tree A
O Tree B

760 780 800 820
Year ap




A Tree A
O Tree B

Was war die Ursache ?
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Supernova ?

760 780 800 820
Year ap

Gamma-ray burst ? _
Miyake et al. 2012

Sonnen-Flare ?

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)



A Tree A
O Tree B

Was war die Ursache ?

EinfUhrung in Sonnenaktivitat
(kosmische Strahlung = C-14)

AYC (%o)
|
e
B

Supernova ?

760 780 800 820
Year ap

Gamma-ray burst ? _
Miyake et al. 2012

Sonnen-Flare ?

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)



400 years telescoplc sunspots W|th 10 11 yr Schwabe cycle
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Schwabe-Zyklus der Sonnenflecken: 10.4 +/- 1.2 J. (seit 1750)

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) H>0.0% H>01% [1>1.0%
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J.M. Vaquero, R.M. Trigo/New Astronomy 34 (2015) 120-122

Schwabe Zyklus im Maunder- ' Exte
Minumum (~ 1630-1715)?

-t
o
[en]

(o]
o

H
o

Sunspot/Auroral Number
)]
o

20

908
1880 1890 1900 1910 1920 1550

N
o
OII

alilei Scheiner Hevelius Picard L.a Hire
Gassendi Picard/Keill

o
o

|1 3% B B 50 W O B R
{ o]t ECH) (S

l.

r i1 - - AT : ‘
‘l ot i - 0 X . :,:..:{'4':% . '\%

1

o
=

Latitude (degree)

n
=

| %] bl e |

) | T | Y TN O | | | T | | (| R | || | N | T
1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 1710 1720
Time (vear)




-—
(o)) co (=]
o o o

Sunspot/Auroral Number
S
o

Hathaway NASA/ARC



L 4 L4 R s X § T \ s T 1 3 R 4 B ) T L4 L 2 L 4 ‘I ) T 3 ) l 5 L2 . L 3 .‘l rEa 1 ] ¥ 7 L R | g | s L 1 4 L4 ] 1

- Total Solar Irradiance (TSI):

! Friiher ,,Solarkonstante*, aber nicht konstant ! I Gt
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B i St iy Je meghr dunkle Flecken, desto mehr Strahlung !
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TSI gemessen per Satellit seit einigen Jahrzehnten.
Sonne aber 4.567 Mrd J. alt !

Daher wichtig: Sonnenaktivitat (z.B. Flecken), beobachtet mit Teleskop seit 1609.

Sonne aber 4.567 Mrd J. alt !

Daher auch wichtig: Aurorae seit Jahrhunderten und —Jahrtausenden.
Sonne aber Mrd J. alt !

1375

1365

TSI [W/m?)

1360

200
150
100
0

Sunspot Number

Daher ferner wichtig: Radioisotope, deren Starke vom Sonnenwind moduliert werden.



Mehr Sonnen-Aktivitat (Flecke UND koronale Ldcher)
=» mehr Sonnen-Wind =» Geo-magnetische Aktivitat und Aurorae

Je starker der Sonnen-Wind,
desto weniger kosmische Strahlung
kommt ins Sonnensystem.

Weniger aktive Sonne, mehr kosm. Str.

=> 10-11 jahrige Modulation von
Flecken, Aurorae und kosm. Strahlung. ‘ =
(Schwabe Zyklus) — AR
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10-11 jahrige Modulation von Flecken und kosmischer Strahlung:

cken M

Kosm. Str. (Kiel)
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1940 1950 1960 1970 1880 1990 2000 2010
year

Je stérker der Sonnen-Wind, desto weniger kosmische Strahlung.

Weni

Iger aktive Sonne, mehr kosm. Str.

=» 10-11 j&hrige Modulation von Flecken, Aurorae und kosm. Strahlung.




10Be und 1*C  (radio-aktive Isotope)
entstehen durch kosmische Strahlung moduliert durch Sonnenwind

(oder Gamma-Strahlung)

Kosmische Strahlung (Protonen)
=>» Spallation
=» thermische Neutronen

914N(n ’ p)14C

(14N+n — p+14C)

(dann 1“C = 1“N
mit 5730 J. Halbwertszeit)

1AN(n,p+a)iBe

(1.36 Mio J. Halbwertszeit)

14C production Q(t)
stratosphere kts »| troposphere keo biosphere
Ns - kst Nt kot Nb
A
kem{  [kmt
marine surface
Nm

Z0~--Ccom—-20V-<4W0W~-0

<>»0O0OmMOoO

Equilibrium

ac 12
Concentration: . 10
C
Then: 140 > “N + e +vV

Tqj2 = 5700 years



Kosmische Strahlung (Protonen) a 5 —
=>» Spallation =» thermische Neutronen 14N(I’],p)l"'C 0 O Tree B

-5
| | {
(dann 4C =» 4N mit 5730 J. Halbwertszeit) o 18 H % ‘
st
Kohlenstoffbasierte Lebewesen nehmen standig Kohlenstoff 4 ‘H %ﬂ%% 1
g Kohlensto 20
aus der Atmo durch Atmung und/oder frische Nahrung auf. 5

-30

Darin hauptsachlich das stabile Isotop C-12 (C fur Carbon, C-1. 760 780 800 820
Neutronen) sowie etwas nicht-stabiles C-14 (2 Neutronen mehr).

Vermeintlich immer gleicher Anteil an C-14.

Da C-14 nicht stabil, nimmt sein Anteil in toten Lebewesen ab (Halbwertszeit).
Anteil an gemessenem C-14 in Kohlenstoff ergibt somit die Zeit seit dem Tod.

Da Baume in jedem Jahr einen Baumring bilden, dessen Alter man kennt, kann man
messen, wie viel C-14 in jedem Jahr im atmosphérischen Kohlenstoff enthalten war

(lebende Baume bis etwa 3000 Jahre alt, tote Baume bis zu 11800 Jahre).

Dendro-Chronologie: Messung des C-14 Anteils an kohlenstoffhaltigen archdologischen
Fundstlicken =>» ergibt Alter des Fundstlcks (im Vergleich zu Baumringen)




sunspols

Terrestrische Archive: 14C, 1°Be, Sonnenflecken und Aurorae

M s & m
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frend Minima;

{a) sunspots {(obs/yr)
{telescopic SSN)

0. Wi 8| M

160—51

I MIJ]U,&

1600 . 1811 .

Chinesische Berichte:

Eine Art Stern in der Sonne
Ein Fleck auf der Sonne
Fleck vor der Sonne

Schwarzes vor der Sonne



China: Ein Stern seitlich vor der Sonne (2. Sep 1625) - ohne Teleskop !

Scheiner
(in Rom)
Sep 1625
mit Teleskop:

=» Stern
bestétigt
als Fleck

=>seitlich: —
Hohe heliographische Breite (?)




Wenig Sonnen-Aktivitat = wenig Wind =» mehr kosm. Strahlung

= mehr “C und 1°Be
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Grand Minima: Dark Age

Grend Minima:

{a) sunspots (obs/yr)

{telescopic SSN)
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(b) aurorae
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BelQ flux

C14 [p.m.]

0.6

8630

Schwabe-Zyklus bei C-14, Be-10 und kosm. Str. (?)
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Rekonstruktion der Sonnenaktivitat:

=>» Sonnenflecken
=>» Aurorae
= C-14 und Be-10 (Sonnenwind, kosmische Strahlung)

= Kometen:
Schweiflange, Helligkeit, Sichtbarkeitsdauer, Haufigkeit

=» Sichtbarkeit bzw. Helligkeit der Korona bei totaler SoFi

= Helligkeit von reflektierenden (Klein-)Korpern im SoSy.



Starker Variation
des Radiokarbon (*4C)
umAD 775
In japanischen Zedern
(Miyake et al. 2012)

A Tree A
O Tree B

760 780 800 820
Year ap




14C production Q(t)

stratosphere |- ks > troposphere keo biosphere
Ns T kst Nt kit Nb
0 1 1 I ktm kr'l'lt
¢ Our data
........ 0.1 year marine surface
5 Nm
10} "
)
L
o 15} -
<
<
_20 s -
Table. 52 Production rate of “C and the reduced x -square value
25 Input period [yr] Production rate [atom cm™ 5'1] reduced x-squared value
0.1 1.9%10% (+4x10" 0.96
05 3.9x10" (£7) 0.96
_30 Mlyak(l% et al. 20121 1 1.9x10" (+4) 0.96
765 770 775 |2 08 (+2 &
3 66 (1) 16

(7.0 +/- 1.5) x 10%* erg y-Strahlen-Input auf die Erde (oberhalb 10 MeV)

oder
(8 +/- 2) x 102 erg (Protonen-Input) als solare Protonen (2 x 103> erg auf der Sonne)
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Anglo-Saxon Chronicle:

, 1 his year also appeared in the heavens a red crucifix, after sunset.”
Presumably for AD 774 (J. Allen, Correspondence to Nature, 2012)

Allen: ... hints at the presence of a supernova largely hidden behind
a dust cloud, which would scatter and absorb all light bar a trickle of red
The resulting supernova remnant would be invisible.*”

... invisible in optical, but not in X- and gamma-rays, so obviously wrong

Image © National
Geographic
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A red crucifix after sunset ?

Anglo-Saxon Chronicle:
»,his year also appeared R T o PW.
In the heavens a red crucifix i ’-a _
after sunset.” wlo gous (ot opplot :

773. 774 ...
& ...cr

cis signum in coelo p(ost) sol occidir
old english: ,Her ooeowde read Cristes
new english: ,And also  ared cross/cr

r.‘.z;_.‘m.‘." L) dier 1 CALIS/ A CL



A red crucifix after sunset ?

Anglo-Saxon Chronicle: Suggested as absorbed
»This year also appeared supernova for AD 774
In the heavens a red crucifix,

In a Correspondence to Nature
by J.Allen (2012)

after sunset.”

Presumably for AD 774 (Allen)

,cross® or ,crucifix“ cannot be a supernova, because:

(1) extended / resolved object would be at least 18" (naked eye),
at 5000 to 50,000 km/s a few days within explosion still within few pc,
then a mass extinction level event on Earth (excluded).

(2) Historic SNe never observed for only one evening.

(3) Given observed energy in AD 774/5 (7e24 erg at Earth) and typical SNe
(1e51 erg), a SN would be at 120 pc (or at 260 pc, if over-luminous).

(4) Even if behind strong extinction, SN remnant would be visible today

as strong X-ray, y-ray, radio, and Ho source.
Etc. etc.



Anglo-Saxon Chronicle:
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Red Cross: Parhelion with horizontal arc, sun-dogs, and vertical pillar

Image © National

(or paraselene if really after sunset) 190 © Nato



,,774. This year also appeared in the heavens a red crucifix, after sunset;
the Mercians and the men of Kent fought at Otford,;

and wonderful serpents [marvellous adders] were seen
In the land of the South-Saxons.”

Aurora? (Gibbons & Werner, Usoskin et al., Zhou et al.)

Alirglow nach Gammablitz? (Harald Lesch)

Supernova? (Allen, Firestone)

Dating: 776 [ 774, 773]

Aurora previously also according to

Jeremiah (1870), Johnson (1880)

Schoning (1760), Lowe (1870), Fritz (1873) [,,rubea signa“|
Link (1962), Silverman (online)

As Halo: Newton (1972)
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4 June 806 cross around Moon [full moon 4/5 June]

Hevelius (1662): 17 December 1660 ,,Uber den echten Mond selbst [breitete sich] —
was aulerst selten ist — ein liberaus grof3es, ... silberfarbenes Kreuz aus. Es war so sehr
glanzend und lichtvoll, dass es selbst bis zum Aufgang der Sonne deutlich ... strahlte.*




METEOROLOGICAL REPORTS FROM THE BRITISH ISLES

TABLE A.IX-1

Date

Source, Events, Comments

162

776

806 Jun 4

Anglo-Saxon Chronicle, red
cross in sky after sunset

Domitiani Latini, cross abou
the moon, gives a drawing.
Near dawn.

806 Aug S0

909 May 6
969
1014 Sep 28

1072
1089

1091 Oct 17
1092

1092 and 1093
1093
1094

/)\ 1097 Sep 29

Domitiani La S aroun
the sun at tﬁe 4tﬁ‘Ebur

Scotorum, two suns
Four Masters, two equal suns

Anglo-Saxon Chronicle, Domiti
Latini, sea destroyed many
villages in England

Worcester, severe cold

William of Malmesbury [ca. 11
bad harvest

William of Malmesbury [ca.
storm blew off the roof of
Bow Church in London

William of Malmesbury [ca. L
“Salisbury Cathedral struck I
lightning on S. Osmund's :

Four Masters, great snow and
co years .

William of Malmesbury [ca. 1
bad floods and ice

William of Malmesbury [ca. 1
crops failed with ensuing

Florence, cross in the sky
v—-—-\

-742-

TABLE A.IX-1 (Continued)

Date

Source, Events, Comments

a—

1099

1104

1105

1114
1156
1164
1172

1177
1178
1179
1184
1191

1200
1201
1205
1208

1217

Nov 3

Jun 7

or 1106

Oct 10
Oct

Sep 18
Dec 25

Dec 1
Jan 12
Jan 7
Feb 1

Aug

May

Apr 26

__glo -Saxon Chronicle and Mel-
rose, probably a tidal wave
With many drowned; William
{ca. 1125] has a f156d In the
Thames in 1099.

Ralph of C s geshall, many cir-
cles around sun; ﬂatthew Paris
says 4.

Wykes and Florence respectively;

full moons seen on Holy
Thurs —

Eadmer, extremely low tide in
ﬂeaway and Thames

Wykes, cross about the moon t>(

Wykes, 3 circles around the sun
at the 9th hour; they disap-
peared and soon 2 ns appeared.

Diceto, Ralph of Coggeshall,
tremendous thunderstorm

Diceto, damaging windstorm

Waverley, great flood in Holland

Gervase, great storm
¥Wykes, thunderstorm

Wykes, sign of the cross with \
a crucified figure on it 2

G
Matthew Paris, dated "before
Christmas"™, 5 moons
Wykes, flooding

Worcester, I believe in December,
two Tull moons seen in the day-
time

Wendover, 3 crosses in the sky \

seen 1in Hollﬁ'ﬂd"‘* X
Worcester, 2 suns
e
-743-~

Newton (1972) lists six such sightings from AD 776 to 1208




Parhelion bei der Sonne

(bzw. Paraselene bei Mond):

Eiskristalle

reflektieren und brechen
Sonnenlicht

In der Luft bzw. in Zirruswolken

Halo Clir Cumzenitha!
Phenomena
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Crusius, Annales Suevicae 111 (Latin):
18. Jan. 1529: ,,Vier Kometen erschienen, entgegengesetzt ausgerichtet, mit Schweifen in

die vier Himmelsrichtungen zeigend.*

6. Apr. 1660
Hevelius, Polen:
,,drel Sonnen,
zusammen mit der

wahren, mit langen |

weillRen Schweifen
von der Sonne
weggerichtet ...*

kR SR

e -~ S T

JGH’M.

(Link 1962: Aurora)

3 2ndem fachiten rag vmb di
nindbalbvréyn dernacht barm,
gefebhendifi serché

Halo-Phanomene
werden z.T. als
»,cometes*

bzw. ,,Komet*
bezeichnet !



Moon bow (lunar rainbow)

over Kihei, Maui, Hawali

» I he moon bow is very rare ...
have seen it only twice in my life.
(Aristotle, Meteorology)

(13

oo R A R s W



How would you call these phenomena?

Two birds ... flying

... landing? v _
. 4 e Fire sword




Parhelion Sichtung AD 310 durch Konstantin 1.
(Weil} 1993, Giradet 2010)

Eusebius, Vita des Kaisers Konstantin I.:

... als der Tag bereits sich zu neigen begann, habe er [Kostantin] mit eigenen Augen
gesehen, wie er sagte, dass am Himmel das Siegeszeichen des Kreuzes, das aus Licht
bestand, die Sonne Uberlagerte ...

Staunen habe ihn tber das Schauspiel da ergriffen ebenso wie das gesamte Heer.

Bald danach gewann Konstantin eine wichtige Schlacht und wurde zum Alleinherrscher
(des Westens) und forderte das Christentum.



Anglo-Saxon Chronicle (ASC):

medieval English on asc.jebbo.co.uk/b/b-L.html

modern English in Garmonsway (1953) or Whitelock (1979)

compiled under King Alfred of Wessex (King AD 871-899) in AD 890/1
based on at least eight (otherwise lost) sources

and then continued until AD 977 to 1153

originally started with Easter tables

six major versions (different copies) available
(manuscripts A to E in English, F bilingual Latin-English, almost identical to E)

year mostly starts on Dec 25 (Christmas day),
in particular before AD 725 and after AD 955,

or on Sep 24 preceding Jan 1, e.g. the solar eclipse of AD 878 Oct 29 is listed
under AD 879, because the author ended the year AD 878 on Sep 23.



Start of the year:

Mar 25 preceeding Jan 1 (Annunciation Stylus Pisanus)

Jan 1 (Roman civil year)

Roman Easter (in Roman-Christian Europe, until AD 800),

Greek/Byzantine Easter (for orthodox-Christian areas),

Sep 1 (Greek or Byzantine Indication date),

Sep 24 preceeding Jan 1 (Caesarean Indication date),

Dec 25 (Christmas day, since AD 800 / 801),

Mar 25 following Jan 1 (Annunciation Stylus Florentinus),

New moon 12 lunar month after the last start of a new (lunar) year (in arabic/muslim areas)

Etc.



More calendar issues:
(days given backwards counted inclusively)

Nonae: 7th day of March, May, July, and October
(months which had 31 days already in the late pre-Julian Roman republican calendar),
but 5th day of the other months

Idus: 15th day of March, May, July, and October and the 13th day of the other months,

Kalendae: (English: calends) for the 1st day and 2@ half of the months

e.g. 5™ calends June = 28 May

=>»24-hour day = first 12 hours dark night, then 12 sun-dial hours bright day

=» leap day: dies bi-sextus (following 24 Feb)

=» Julian calendar until 15 Oct 1582, then jump by 10 days to Gregorian calendar
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A Tree A
O Tree B

Was war die Ursache ?

AYC (%o)
|
e
B

Supernova (ernsthaft) ?

760 780 800 820
Year ap

Gamma-ray burst ? _
Miyake et al. 2012

Sonnen-Flare ?

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)



A supernova ?

-

SN at distance d
between event and Earth

Energy E(event) to spread
homogeneous to surface area
of sphere around event

4.7 -d?

We have to multiply
SN output E(event) = 1e51 erg
by g = 0.01 for gamma-rays.

E(obs) = 7e24 erg in AD 774/5



; 2
Asupernova? Ewcut * (] 4 T :’}:

Eobs m- R=

For E(obs) = 7e24 erg as in AD 774/5,
and for E(event) = 1e51 with g=0.01 (supernova),

It would have to happen at d = 124 pc

Any SN sighting around AD 774/5 ?
Any young SN remnant that close ?

Any young neutron star that close ?



Historische Supernovae (~2000 Jahre)

Tahle 1

Historic supermoyvae in the last 20060 vr, There are several Galactic historic 5N sightings since | 85 (sorted here by Gme ), but no SN sighting within 200 yr around A0 7745,
This listing shoows that SMe weme observad before and after the AD 77455 event. Also, the SMEs Mela Irand Cas A ame lisied, because they were considered in M1 2 10 be possibly melaiad o
the A TTHS event; at the end of the tahle, we lisi six more SMRs, which should be melated to eent SMe given the ages of the pulsars andfor 5MNRs; however, all those eight SMNRs ae all foo
digtant for the AT 7745 event (i that were a normal SN at - 124 pe); Vela Iris oo young given itz expanzion velocity,

SN Lz ation Exi. Ao Peak magnitude Supernova remnant Meutmn siar SM type
Year a7 [ mag] hist Equ (3} (i name d [kpe] age [kyr] Ret nime d [kpc] age [ kyr] Ref & Ref,
1557 Cen —59 TRIEENS — B2 = L 31412 50016 1.7-200 1.3 1513-5008 3384 < 156 3-5 ool 1.2.0a)
1507 (b~ G5 < 2° 5
386 Har —19 ATATA e 2 (s 10 11,2403 5006 (434 1015 | 1811-1925 <233 165,17 I, 118
393 Seo—30 [ ae(za)® | )™ B2 | W7.305 LA(5) L6890 1923 | 00 e i) cel A
10305 Lip —42 03203 —T54 —& =T | 326146 2U0R[R) 24-26 | none iy 27
| 05 Tau+22 RN — B —Tio =3 [ 18658 2.005) 0953021 2931 | 053442200  20-25 < 1.2 3233015 | 1LCmb32
1151 Cas 463 I.R[u.:]:’” e 1,77 i =2 [ 130, T+3. 2.9(3) 0870 AT | 2056449 3275 < 537 33-34 1,2 40041
1572 Cas + 165 2.26( 167 —4.5 —fito —5 20, 1+1 4 225016 ~adf ] 242 | none (Tycho's M) la. 43
|64 Oph =20 | aovind)® | =30 50 -4 | 4568 3.4(3) ST 245 | none (Kepler's SN) laie)
Ciher young SMRs considensd in Miyake e al, 20012

o LU0 Wl —d46 |.Gares ™ =120 —3 | 2662-1.2 (.20 - 1 (d-4.3 A7-50 | O {Wila I if ca TATAR
o LR | Cas +58 [1.6(2.6)% dmll 111.7-2.1 35408 ~ 333 51,52 | OO0 (Cas &) 53 1Tk, 54

[

~ 9 + 2 historische Supernovae seit ~2000 Jahren
(alle innerhalb von 5 kpc):

9 beobachtet in China (z.T. zudem in Korea und Japan),
3 beobachtet in Europa (SN 1006, Tycho 1572, Kepler 1604),

4 beobachtet in Arabien (SN 1006, 1054, 1572, 1604),
+ 2 ggf. gar nicht bemerkt: Vel Jr. und Cas A (?)



E(obs) = 7e24 erg in AD 774/5,
Su PErnova ? E(event) = 1e51 erg mit 1% gamma (Supernova),
dann Entfernung d = 124 pc

Table 1 Historic supernovae in the last 20000 vr. There ame several Galactic historic S sightings since | 83 (sorted here by time ), but no 8K sighting within 200 yr around AD 77405
Thiz listing shows that SMe wemre observed before and after the AT 77405 event, Also, the SMEs Sela Jrand Cas A ame listed, because they were considemed in M2 10 be possibly melaiad 1o
the AD TT4HS event; ab the end of the table, we list six more SMNRs, which should be related to eeent 5Be given the ages of the pulsars andfor 5MR s, however, all those eight SRS ane all too
digiant for the AT TTAS event (if that were a normal SN at ~ 124 pej; Vela Iris oo young given its expanzion velocity,

5N Lz aticn Ext. A Peak magnitude SUpErnova emnant M utmn sta SM ype
Year &[] [ miag] hist Equ i3} (i name d [kpe] age [kyr] Ref name d [kpe] ase [ kyr] Ref & Ref.
1857 Cen —5109 fhald ) —B2y —dd 32i4-1.2 50016 1.7-20 1.3 1513- 5908 3384 < 156 3-5 col 71,2,0a)
1697 (h) ~ 65 < 2" 6
386 Sar —19 AT(RATA e 2 (i 10 11,2013 5006 (434 I-15 ] 1811-1925 <233 1617 I, 1618
393 Sco—39 | 39(24)° | —11)®H*  —Rw2 | M7.305 1.4(5) L6090 1923 [ 000 (e i) eei 7 ic)
100G Lup —42 naza)? —T.5%4 —2 =T | 32T.6+140G 0 ZUR(R) 24-26 | none lagdy 27
054 Tan+22 e 1 1E —i. —Tto —3 | &4.6-5.8 2.005) 0953021 29-31 | 053442200  20-25 < 1.2 3233015 | ILCrah32
1181 Cas +6 1ain.2) ™ 0,7 —fi o —2 30 T+3.1 2.9(3) 0.E87T0 AT | 20569 3275 <537 13-4 IL2A04]
1572 Cas 465 2.25(16)° —4.5° —fito —5 |20, 141 4 225016 ~adbd] 242 | none (Tycho's 5M) la.d3
|G Ciph —20 A.2701 I]t —a.pnad —dn =1 | 4568 A4 e 245 | none { Keplers SM) lajie)
Chiher young SMREs considensd in Mivake et al, 20012

e P00 | Wl —d6 I .E::%['EI:-]'“” — 1210 —3 | 266.2-1.2 0.20-1 0.4-1.3 AT-500 | 000 (Wela I if oo T ATAS
~ IR0 | Cas +58 L1G(2.6)%" (2l dmll 11L.7-21 st ~ 333 51,52 | OO0 (Cas A 53 Il 54

Keine nahe historische Supernova vor ~ 1240 Jahren.
Und keine historische SN so nah !



Neutron Stars ?

Not sufficiently young
and at the same time
Crab (Chandra) . P ,
Frail et al. 1996 ApJ SUﬁICIGntIy nearby De Martin.

Table 3  Young neutron stars. All known neutron stars with characteristic age younger than 2500 yr found in the ATNF database
(Manchester et al. 2005) or other literature plus those neutron stars mentioned in Tables 1 and 2 or possibly be related to historic SNe
and/or young SNRs, sorted by right ascension. None of them can be related to the AD 774/5 event, 1f it was a normal SN at ~ 124 (o
260 pc: All of them are too distant (for the pulsars with unknown distances, the SNRs distance is given, also too far away ), some of them
are also too young.

Name Ref Period P-dot Ref  Distance Ref SNR Ref  Ape(a) Remarks
12000.0 P[] [s/s] [kpe] [yr]
J0205+6449 38 0.0657 1.9e-13 38,39 3.2-7.5 33 G1307+31 36 5370 SN 1181
J0525-6607 145  B.0470 f.5e-11 146 48 147 N49 147 1960  in LMC
J0534+2200 32 0.0331 4.2e-13 115 2.0-2.5 33 Crab 30 1240 SN 1054
J0540-6919 148  0.0505 4.8e-13 149 48.1 33 G2719.7-31.5 150 1670 in LMC
JO855-4644 151 0.0647 7.3e-15 151 0.3-10 151,152 Velalr? 152 141000 152
J1119-6127 57 0408 4.0e-12 59 24-R 57 G292.2-0.5 58 1610
J1124-5916 121  0.1355 7.5¢e-13 153 1.2-8 154  G292.0+1.8 121 2850
J1513-5908 4 0.1516 1.5e-12 5 3.3-84 3 G3204-1.2 4 1560 SN 1857
J1550-5418 61  2.0698 23e-11 61 4or9 6061  G327.2-0.1 60 1410 AXP
J1617-5055 156 0.0694 1.35e-13 156 6.46 58148 G3324-04 129 8130

J1627-41 157 2.5945 1.9e-11 136 11 132 G337.0-0.1 134,135 2200  SGR
J1714-3810 142 38 6.40e-11 142 7-14 142 G348.7+03 100 950 AXP
J1808-2024 158 7.5559 5-Be-10 159,161 7-18.6 160,162 160-218  SGR
J1811-1925 16 0.0647 4.4de-14 17 44-6.6(b) 11,12 G11.2-0.3 16 23300 SN 386
J1813-1749 84 0.0447 1.5e-13 8 4-45(b) 8283 GI2.8-00 82 4600
J1833-1034 164 00619 2.0e-13 G0 3344 33165 G21.5-09 89,164 4850
J1841-0456 95 117789  4.5e-11 97  7.5-10.6 92  G274+0.0 95 4180 AXP
J1846-0258 164 03266 7.1e-12 75 ~ 6 71 G29.7-03 71 723 Kes75
J1907+0919 65 5.1689 7.8e-11 66 5-7.7(b) 6364  G42.8+40.6 64 1050  SGR

JT930+1852 109 (.1369 7.5e-13 o9 32-13.2 109110 G54.1+0.3 111 2900



Young nearby For E(obs) = 7e24 erg as in AD 774/5,

and for E(event) = 1e51 with g=0.01 (supernova),
SN remnant ? it would have to happen atd = 124 pc

Table 2 Young Supernova Remnants. All known Galactic Supernova Remnants (SNRs) with a possible age from ~ 150 to 2000 yr,
found in Guseinov et al. (2003a,b) or Green (2009) or considered as counterpart to an historical SN or with a pulsar with characteristic
age from ~ 150 to 2000 yr (Table 3) - sorted by galactic longitude. None of them can be related to the AD 7745 event, even if that
would have been a normal SN with SNR, because they are all too distant (and Vela Jr is too young).

Name Position Size Distance  Ref SNRE Age Ref SN Pulsar Remarks
(Green) o (J2000.0) 4 [] [kpe] [vr] year [vr] or Ref.
GO.94+0.1 1747 -2R:09 8 50013 6376 10007000 77 a
GL9+0.3 1748 -27:10 1.5 6920 6378 100-150  T8-81

G4.5+6.8 17:30 -21:29 3 3137 12 409 1604 SN la,Kepler
G11.2-03 1811 -19%:25 4 4456 11121519 400-3400 14,15 k1L 23300 16,17.b
GI12.8-0.0 1813 -17:49 3 445 8183 JB5-2500 B2 4e00  B2-84
G18.9-1.1 18:29  -12:58 i3 234 6385 2000-6000  Be 87

G21.5-09 1833 -10:35 4 41-55 6388 200-1600 89 4850 904
G27.4+0.0 1841  -4:56 4 6-106 63,9293 500-2700 9295 4180  KesT3.97.c
G29.7-0.3 1846 -02:59 3 531715 T TO0-1000  71-73 123 T4.d
G31.9+0.0 18:4% -00:55  Tx3 1.2-85 98 4000-4600 98 r
(G39.2-03 19:04  05:28 7 a0-113 99,100 1000-7100 94,101 3IC3%
G41.1-0.3 19:07  O7:08 35 6.2-12.8  100-103 GO05300 104-106 IC307 e
G428+0.6 19:07  09:05 24 517 6lsd 10000 &4 1050 &6.f
G43.3-0.2 19:11 0906  4x3 539 3063 TO03000 107,108 W49B
G54, 1403 19:30 1832 L5 32412 109,110 1500-6000 109 2900 109-111
G74.9+1.2 2016 3702 Bxt 6.1-12 106,112 3000-5000 113,115 SNBC 3532 7091)
GI11.7-2.1 2323 5848 5 3438 51 ~ 333 52 e~ 1680 Cas Ap
GI20+14 0325 6409 8 w24 2 ~ 441 1572 SN Ia. Tycho 43
G130.7+3.1 02:05 6449 Ox5 26-32 3435 BOOCTOO0 3537 1181 5370 38
G184.6-5.8 05:34  2X01 Tx5 1.5-25 19 950 31 1054 1240 115.Crab
G266.2-1.2 08:52  4ec20 120 0.20-1 4748 4204300 4750 ~ 1300 CCO  Melalr
G291.040.1 11:11 -60:38 14 3556 0 63,117,118 1300-10000 117,118 CCO? 118
G292.2-0.5 11:19 -61:28  20x15 2.4-8.8 55-38 ~ 1700 58 1610 57
GIO2+1.8  11:24  -5%:16 10 AR B ()] 1600-3400  120-124 2850 121122
G3154-23 1443 6130 42 0,432 107,125 400-3100 125 1857 126,139
G3204-1.2 15:14  -5%:08 35 3366 3 1700-20000 1.3 1857 1560 4,127,139
G327.2-0.1 15:50 -34:18 5 49 606l < 1410 61 1410 6061
G327.6+146 1502 4156 30 210226 24 ~ 1007 24 1006 SN Ia
G332.4-0.4 1ac17 -51:02 1n L.6-47 63,125 3004000 128,129 8130k
(G337.040.1 16:35 4738 L5 9.6-11 65132135 1000-5000 132 2200 132-13a.
G337 2+0.1 16:35 4720 14 5456 63137138 10004600 137,138

G347 .3-0.5 17:13 -3%:45 &0 0.9-1.9 1923 1600-9000  19-23 3037 CCO  1522m
(G348.5-0.0 17:15  -3828 1n <63 141 3037 141
G348.5+0.1 17:14  -38:32 15 6395 141 ~ 1500 20 3037 CCO 20,CTB3TA

(1TIAR Ty 2 17-13 CAR2-11 17 AA 127 e 1 A5 AW 147 144 T 9 sy 1A TRITR



For E(obs) = 7e24 erg as in AD 774/5,
Absorbed and for E(event) = 1e51 with g=0.01 (supernova),
supernova ) it would have to happen atd = 124 pc

No historical record el e Trele el el ~Tpe 7 el
due to strong absorption ?

For M =-20.3 (SN Ibc),
or M=-19.5 (SN la)

to M=-17 mag (SN II-P)
at 260 to 124 pc,

Absolute magnitude (visual)

Days since peak luminosity

to avoid historical discovery (brighter than m = 0 or 2 mag),
we need absorption Av = 13 or 15 mag (at least).

Hambaryan & RN 2013 MNRAS



For E(obs) = 7e24 erg as in AD 774/5,
Absorbed and for E(event) = 1e51 with g=0.01 (supernova),

supernova 2 it would have to happen at d = 124 pc

Where on sky absorption Av =13 mag ?

Dobashi 2011 PASJ from 2MASS JHK:
56 squ. deg. with Av of at least 13 mag




For E(obs) = 7e24 erg as in AD 774/5,
Absorbed and for E(event) = 1e51 with g=0.01 (supernova),

supernova ) it would have to happen atd = 124 pc

Where on sky absorption Av = 13 mag ?

Regions with Av of at least 13 mag ................ Black dots (Dobashi 2011, 2MASS)

but which clouds are within 124 pc ?
SNRs (red circles) would be visible behind strong absorption

galactic latitude

galactic longitude



Table 4 TNearby clomds on the sky with absorption 4. of at Jeast 13 wmag, We list mown nearby clouds (a= =mall areas on the
sly) with abecrption 4=, = 13 mag, first theee up to 124 po, then those outside 124 po, bt up to 280 pe, in cach group sorted by right

Absorbed ascension o (120000).
o & Mame of arc  dist Ref | & HMame of arc  dist  Ref
cloud(s) min®  [pc] cloud(z) min®  [p]
Supernova ? Clouds with distances up to 124 po
' 154508 -02:5245  L183 55 10 12| 1&2827 -2433:16 L1831 4 119 16
162701 -24:3421 L1836 729 119 16 | 1&27:58 -243343  p Oph H-MMI 1 119 15
152601  -24:2645  p Oph 315 119 45 | 1632:13 242504 L16W B2 155 119 16
B68 (Alvesetal. 2001 Nat.) Sum of aves for clouds wpto 124 ps: 157 deg”

Clonde with distances abowe 124 po, but up to 250 po
Y B AT (SEEPE  03.25-44 30223004 Pemeus (b) 937 250 20 | 1&12:43 -52:1536 BHR 113 3 200 17
04:13:52  28:13:19 Tau-1 (a) 2153 11| 1&37:28 -35:13:54 EBHR 144 13 170 17
04:17:12  27:48:00 L1495 B211 250 153 3| 17:04:27 -3608:24 EBHR 149 3 200 17
04:18:28  28:27:16 Tau-4 (a) 1 153 11| 17:10:44  -40:3135  Scll 500150 16
O4:18:41  28:17:00 L1455E10 2800 153 3| 17:11:23  -27:2559 Pipe B59 15 130 1
04:19:15  28:14:36 Tau-& (a) 1 153 11| 17:11:23  -40:3734 Fe3t2-215 80 150 18
042108 28:02:03 Tau-7 (a) 2153 11| 17:1139  -40:1307  Sc 13 65 150 16
04:21:10  27:03:00 L1495 B213 250 153 3| 17:21:12 264200 Pipe StemE 7 130 2
04:23:3¢  28:03:01 Tau-8 (a) 1 153 11| 17:2238 -27:0430 Pipe Stem W 3 130 2
04:24:16 263605 L1495 B216 w0 153 3| 17:2238  -23:4800 Pipe Smole 1 130 2
04:26:29  28:37:08 Tau-9 (a) 1 153 11| 17:2239 -23:5004 E&8 11000 125 8
04:27:38  2607.00 L1495 B217 0153 3| 17:28:12  -26:2400 Pipe Shank 1 130 2
04:28:16  26:19:36 L1495 B218 0 153 3| 17:3400  -254500 Pipe Bowl uo 130 2
04:29:21  28:32:36 Tau-10 (a) 5 153 11| 17:3548 -253302  FeSt 1-457 2 130 5
0432:08  28:28:39 Tau-11 (a) 1 153 11| 130258 -27:5204 CE 107 1 130 13
0439:10  26:24:00 THMC INW 3153 14 | 130555 -13:25:10 CE 110 1 130 9
04:41:20 264500 THC INE S0 153 14 | 13:1537  -183:11:58  E92 34 120 16
0609:49  13:39:23 L1591-3 660 250 16 | 18:22:45 -014240 CE 134 1 280 9
110400 -77:4000  Chal 6 180 22| 13:2539 -1147:25 LM271 w5200 16
1107.07  -620548  BHR 59 13 250 17 | 18:27:50  -10:13:13  L423 80 200 18
1231:39  -63:43:43 Coalsack 000 150 10 | 18:27:51  -11:27:31  L4ll S0 200 16
124308 -620602  Fedt2-142 314 150 16 | 183000 0L:12:00  Serpers 126 250 20
12:58:12  -53:19:11  FeSt1-226 96000 150 16 | 18:32:32 -08:5744 E 101 155 200 16
12:58:54  -61:20:17 Col 7 001500 16 | 133253 -08:13.50  CB 147 90 200 16
130740 770000 DC303 3150 19 | 13:32486 -06:13:50 L443 530 200 16
13:12:47  -62:41.58 Cod 10 80 150 16 | 18:39:14 -05:38:21 LM282 15 200 16
13:19:31  -62:33:26  CoS 12 00150 16 | 13:39:18  -06:3745  L497 /5 200 16
1542:20 -5249:06  BHR 111 02500 17 | 190054 365400 Cré Op-l S0 129 1%
180518  -45:55:18  BHR 117 1 250 17 | 190154 -365708 R Cra w0 129 2
1609:19  -39:04:49  Lupus3 0 20 7| 19:1700 -130152  CB 131 1 130 9

Sum of area for clouds abowe 124 pe, but wp to 280 pe:

Bemarks: (3] Cloud cors number from table gvenin Fineda et al. 2010; (b) range of coordinates given.
References: (1) Boman-Funiga et al. 2012, (2) Roman-Funips ot al. 2010, (3) Schmalzl st al. 2010, (4) Lombardi et al. 2008, (3) Agnti
et al. 2007, (6] Bidge et al. 2008, (7] Teimsira ot al. 20056, (%) Alves ot al. 2001, (%) Kandori et al. 2006, (10) Racca ot al. 2002, (11)
Pineda et al. 2010, (12) Pagani et al. 2004 and priv. comm. with L. Pagani, (13) Campegmo et al. 2004, (14) Malinen et al. 2012, (15)
Johnstone et al. 2004, (15) Diutra & Bica 2002, (17) Racca et al. 2009, (18) Trvela et al. 2008, (19) Eanulainen et al. 2007, (20) Sadawos
etal 2010, (21 MNenhiuser & Forbrich 2008, (22



ForE’:,
Absorbed and fi | L183| (Pagani et al. 2004) Ay = 0|

supernova ? two
Where on sky absorptiog|

B68 (Alvesetal. 2001 Nat.) g8 -
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Absorbed
supernova ?

Where on sky absor

Regions with Av of at least 13 mag ...

SNRs (red circles) would be visible be

galactic latitude

>ed --phase typlcal velocny 250 t0 lOOO km/s
from ,774/5 would now have a S|ze of 9 to 35 arc.pu

For S

SNR pC.

galactic longitude

Missing SNR very unlikely (deep X-ray pointings done)



A Tree A

Was war die Ursache ? ol O Tree B

;; }i ﬁ%&m
Supernova ? Nein, zu schwach 25|
nichts beobachtet Y — __ _ J
Gamma-ray burst ? Miy;::;t al. 2012

Sonnen-Flare ?

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)



A Tree A

Was war die Ursache ? ol O Tree B

Supernova ? Nein, zu schwach 25|
nichts beobachtet Y — __ _ J
Gamma-ray burst ? Miy;:::;t al. 2012

Sonnen-Flare ?

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)
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(und harter als lange GRBs = SNe sehr masse-reicher Sterne).

Kurze GRBs vermutlich Verschmelzungen kompakter Sterne:
2 Schwarze Locher, 2 Neutronensterne, ggf. 2 Weilie Zwerge

Keine SN-Lichtkurve, kein SN-Uberrest, kein afterglow !



A short GRB ?

Fovent - [

Euh:; m- R?

GRB at distance d
between event and Earth

Energy E(event) to spread
homogeneous to surface area
of sphere around event

4.m-d?

Energy E(obs) to hit Earth
under solid angle

- {2
with Earth radius R.
We have to multiply the short
GRB energy 1e49...52 erg

(Nakar 2007, Berger 2007 ...)
by g = 0.1 to 1 for gamma-rays.

E(obs) = 7e24 erg in AD 774/5



A short GRB ?

(1) Energetics Eobs T R?

For E(obs) = 7e24 erg as in AD 774/5,

and for E(event) = 1e49...52 withg=0.1to 1
(short GRB),

It would have to happenat d=0.1to4 kpc
I.e. within our Galaxy.
Events at that distance range are well possible !

=> Energetics ok !

Hambaryan & RN 2013 MNRAS



A short GRB ?

(1) Energetics — con’d

It would have to happenat d=0.1to4 kpc
Strong cosmic- and gamma-ray event !

For short GRBs,

neither normal afterglows as for long GRBs

nor long-term optical emission as for normal SNe.

No supernova remnants for short GRBs !!!

=» Energetics and missing SNR ok !

Hambaryan & RN 2013 MNRAS



A short GRB ? (1) Energetics — con’d

Short transient optical event ? ,,afterglow* / , kilonova‘

(Metzger & Berger 2012, Piran et al. 2012)
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At 0.1 kpc to 4 kpc, expected peak is m =-10 to -2 mag, i.e. detectable.

r Maonitude @ 200 Mbpce



A short GRB ? (1) Energetics — con’d

Short transient optical event G/d"
(Metzger & Berger 2012, Piran et al. 2012)
R ]

At 0.1 kpc to 4 kpc, \GRB\M

expected peak is m = -10 to -2 mag, %g’
.e. detectable.

Ejecta—ISM Shock
Radio (years)

110n

S Me
/ Tidal T

6; o

Non-detection possibly due to ~ S {\
short time-scale, strong absorption, / \ %\ “’\
bad weather, conjunction with Sun,
over unpopulated area, etc., I.e. not surprising.

=>»Energy, missing SNR, missing optical detection ok for SGRB

Hambaryan & RN 2013 MNRAS



Ashort GRB ? (2) time-scale

Since short GRBs are shorter than ~ 2 sec,

the AD 774 / 5 event Is consistent with that short time-scale.

0 ' ' x 10* x 10
¢ QOur data 10 v
........ 0.1 year _ R GRB 910718 GRB 941228
] 0.5 year { | Teo=0.25s Tgp=62s
1 year «. 8 | J
q . r
_1ob 2year | X - = ’ | ’. ‘ |
~ 3 year Rt )i ' I |l '~.-,\, ’
s T~ ; "' ’ (] M
o 15 } 1 g6l |||l ol |||
E 5 L .
8 |i‘ | ' l |' .}' |
i |
) { o M "y | ’
|.
25} r Irvl\i W |‘\‘(| .I{.I .‘ l,]/ X J‘ [ ‘-' g | ’M
|~j' y .‘I\' 1)\ "‘I A .‘{1 {
- ~ AD774/5 event . short” "™ GRB
765 770 775 780 785 790 800 0 0.25 0.25
Year AD t(sec) t(sec)

=» Time-scale of AD 774/5 event ok for short GRB!

(also ok for long GRB)
Hambaryan & RN 2013 MNRAS



Ashort GRB ? (3) spectrum
14C and 19Be rise in accordance

! )
14N(n,p+0)10Be 14N(n,p)14C
0 w S M D
= 4 —m 7 i 4—————————m———————— Low
S a0t s
% 40 r L i | A
§ 3.5 '-l | \\‘ "Hl \'wl “p‘ }"1\ |
x5 30 e : LIt A (L g 22 :-;:*
2q Wi["/d202 |3
oo 25 ¢ \ , ‘ s _ @
e 18 g% |2
= 1.6 Qg
14 gg
12:8 ﬁ}'
1.0 o

800 | 1000 1206 . 1400. ‘1606 | 1806

Age (yr CE)
19 +/- 4 atoms/cm2/s 1C flux
over 2.05 atoms/cm2/s b/g

within < 1 yr.

30% increase in 19Be flux
over 0.031 atoms/cm2/s b/g
with 10 yr time resolution.

=>» Differential production yield:
> 270 +/- 140 times more 14C than 1°Be
Hambaryan & RN 2013 MNRAS



Ashort GRB ? (3) spectrum —con’d

=>» Differential production yield:
> 270 +/- 140 times
more 14C than 10Be
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: | | Sources for cross-sections:
, WwWw-nds.iaea.org
(—E/FEg) Dimbylow 1980 Phys.Med.Bio
Sp(E) ~ E* x el ~F/Fo v ys.Med B
I IL ] ' Burger & Ebert 1981 Neutr.Dosim.

Enegy [MeV]

(and long GRBs, Band fct) Hambaryan & RN 2013 MNRAS



Ashort GRB ? (3) spectrum —con’d
SPEE} ~ ECE w EI[—HJ."'P.-‘Q:I

14N(n,p+a)10Be
14N(n,p)14C

3500

Sp(E)~E“e"F/& !

>
long GRB

3000

=>» Differential production
yield: > 270 +/- 140 times
more 14C than 10Be

45

. Jgoe(C)Sp(E)dE
Be')Sp(E)dE

2000 2500

Cut-off Energy Eg [keV]
1500

compared to real
spectra of short GRBs
(Ghirlanda et al. 2009 A&A)

1000

500

Tﬂ-t'iﬂ _ -rf‘: ﬂ'{lil{:.f} X SP'[E] d'EI Power-law index o
~ [.o(1%Be) x Sp(E) dE Pavlov et al. (2013, MNRAS)
] ) ] ) ) confirm HN213 calculation with
=> Differential production yields more detailed calculations (GEANT)

consistent with short GRB spectra ! Hambaryan & RN 2013 MNRAS



A short GRB ?

(4) No extinction level event on Earth ...

Short GRB would have to happenat d =0.1to 4 kpc
Extinction level event not observed for AD 774/ 5,
but expected ?

Depending on energy, 149 ... 1e52 erg,

It would have to happen outside of ~ 1 kpc
(scaled from long GRB effects studied by Thomas et al. 2005 ApJ).

=>» Missing mass extinction event ok !

Hambaryan & RN 2013 MNRAS



A short GRB ? (5) Rates of short GRBs and mergers

Rates of short GRBs:
8 (5 ... 13) sGRB per Gpc3 per yr (Coward et al. 2012)

For 0.003 galaxies per Mpc3,
then one short GRB in 375 (231 ... 600) kyr per galaxy,
or one short GRB in 3750 (2310 ... 6000) kyr within 4 kpc
(with E > 1e49 erg)

Rates of neutron star mergers:

13 (3 ... 190) mergers per Myr (double NSs, Kim et al. 2010)
or

15 (0.3 ... 50) mergers per Myr (pop. syn., Dominik et al. 2012)

Beaming of short GRBs:
fraction f = 0.01 to 0.13 (of full solid angle) observed.

Using f = 0.13, most optimistic Is
one merqger in 410 kyr within 4 kpc beamed at us.

Hambaryan & RN 2013 MNRAS



Short GRB due to a merger of two White Dwarfs
or an accretion-induced collapse of a White Dwarf ?

Then a magnetar can form (Bucciantini et al. 2012).
If as short GRB, then without SNR

Table 1: Young neutron stars at 1-4 kpc without SNR.
We list pulsar name with position for J2000.0, rotation/pulse
period P, period derivative P distance, and characteristic age
T = 1/2 - (P/P), data from Manchester et al. (2005) or McGill
SGR/AXP catalog (footnote 2).

Name Period P-dot  Dist. Age Re-
J2000.0 P [s] s/s] [kpc] [kyr] mark

SGR 041845729 9.0784 < 0.0006  ~ 2 = 24
PSR J1048+-5832 0.1237 9.6e-14  2.98 20.3  FGL
PSR J1708-4009 11.0013 1.9e-11  3.08 9.01 AXP
PSR J1740-3015 0.6069 4.6e-13  3.28 20.6
PSR J1809-1943 5.5404 7.8e-12  3.57 11.3  AXP

3 magnetars w/o SNR within 4 kpc ! Hambaryan & RN 2013 MNRAS



1 g2
Kurzer GRB Eevent-g _ 47 f G/dqb
Energetik: Fobs TR

E(event) = 1e49...52 erg (kurzer GRB)

=>» 0.1 bis 4 kpc (ok, in unserer Galaxie)
Zeitskala:
Bis zu 2 Sek., d.h. konsistent mit 14C Anstieg (ggf. <1 J.)

Weder SN-Lichtkurve, noch Afterglow, noch SN Uberrest: ok

Kein Massensterben auf der Erde im Jahre 774/5 —
Ok falls weiter entfernt als 1 kpc (3300 L)

Spektrum:
Typische Spektren kurzer GRBs sind konsistent mit
Produktionsraten von 14C und 10Be !

Short GRB konsistent mit allen Observablen !
(aber sehr sehr selten) Hambaryan & RN 2013 MNRAS



From chronology of Al-Tabari about AD 622 — 923, here for fall AD 775:

bl oo A2l S5
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,» 1he last will of Kalife Al-Mansur ... (travel from Bagdad to Mekka)

And it was on the way to Mekka in Qasr Abdaweiah, a star (kawkab) was setting,
on the 28th of month Shuwwal (end of AD 775 Aug) ...

Its remains / rays / traces (athar) were seen from beginning of dawn to sunrise.”

Transient event like nova or supernova (or even optical GRB) ?

Or just a meteor / bolide ?

kawkab and athar also used for the 2 known arabic supernova reports
(SN 1006 and SN 1054) RN & Kunitzsch 2014




A Tree A

Was war die Ursache ? ol O Tree B
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Supernova ? Nein, zu schwach P
Gamma-ray burst ? zu selten I g, e W

Miyake et al. 2012
Sonnen-Flare ?

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)
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Sonnen-Flare ?

Carrington 1859 MNRAS

Der angeblich bisher starkste Sonnen-Flare
(Carrington-Flare) hatte 1032 erg Energie.

Dann mussten um AD 774 / 5 weltweit starke
Aurorae beobachtet worden sein 11!



Energetics

E event
E obs

Flare at distance d
between event and Earth

Energy E, . 10 Spread
homogeneous to whole
sphere around event

with area "
4.9 -d*

Energy E,, to hit Earth
under solid angle

T - R?
with Earth radius R.

E,, = 8 X 102 erg in protons

=>Need 2 x 10%°erg at Sun



Miyake et al. 2012: Differential production ratio of 4C to 1°Be (> 270 +/- 140)
and: if solar flare, then 2 x 10%° erg at Sun =» 2000 x stronger than Carrington

Melott & Thomas (2012), Thomas et al. (2013):

AD 774/5 as solar flare with lowest possible angle of 24 deg.

Then, considering isotroptic equivalent energy,
less strong flare (by a factor of 100) would be needed
=» 20 x stronger than Carrington

Usoskin at al. (2013): 4 to 6 times less **C produced in AD 774/5!
=» ~ 4 stronger than Carrington

And observed ratio of 1*C to 1°Be > 54 +/- 28 only

Differential production ratio of C to 1°Be due to solar flare expected:

Usoskin et al. (2006): ~ 25 times more 14C than 1°Be

Usoskin (2008 Liv. Rev.): ,,... solar energetic particle effect negligible in 14C.“
Usoskin & Kovaltsov (2012): ~ 38 times more “C than °Be

Usoskin (2013 Liv. Rev.): ,,issue inconclusive*
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If super-flare ~5 times stronger than Carrington,
then super-aurorae ?
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Arten von Aurorae:

=» Transiente Schock-Aktivitat wie
Coronal Mass Ejections (CMEs): ~ 1/3

=>» Stabile koronale Locher + Hochgeschw.-Wind: ~ %2

=> Andere:
- Neutral current sheet crossing
- Stabe aurora red arcs
(due to ring current disturbence)

Kriterien: Farbe (z.B. rot), nordlich, Dynamik, Nacht




Our aurora catalogue:

- at night (+ constellations / 0 twilight / - close to moon)
- towards north (0 east-west / - south)

- colour (+ red, green,blue,blood / 0 white,black,bright)
- dynamics (+ fire,fight / 0 rays)

—> repetition in next night(s)

- N = 0 potential
N =1 possible
N = 2 very possible
N = 3 probable
N =4 very probable
N =5 certain

Neuh & Neuh 2015



Aurora? Fiunf Kriterien - Positiv- und Ausschussliste

—> wahrend einer Nacht
+ Sternbilder 0 Morgen- und Abendddmmerung - tagsuber, tagelang,

Mond-/Sonnennéhe
—> tendenziell nérdliche Ausrichtung

+ nordliche Sterne 0 Zenit, Ost-West-Richtung - stidliche Ausrichtung
—> Aurora-typische Farben b QD ¥
+ Blut/Feuer ... 0 weil}/schwarz, hell, leuchtend ... ut;,. .0y
§
—> Aurora-typische Veranderung/Dynamik TIT p r { |
+ Feuer; Pulse, ... 0 Dunst, Nebel, Strahlen ... ‘

bewegen, kdmpfen ausgedehnt, ausgebreitet ...
—> ggof. abgeschwachte Wiederholung in den unmittelbar nachsten Nachten

- N = 0 potential
N =1 possible
N = 2 very possible
N = 3 probable
N = 4 very probable

Neuh & Neuh 2015 N = 5 certain







Aurora sightings from AD 57510 841
IM: number of criteria for auroras fullfilled. Polly independant events are separated by foll horizontal lines. See text for detailz. References at bottorn of table.

Year location | reported text (prginal langnage or remark from lit. in brackets ) [our corament] | M | Ref.  their sonrces
T57  Ma-yang, Chib-te reign-period, 2nd year, 1st month, day ping-tzu (13). At Man-vang, at night, 1 [ ¥5%W KJ73f Hs-
Chirna there were four white rainbow s, They stretched vpwards for more than 100 chang. in-T ang-shu
757 China (K7%: probable to wery probable, Feb 20 at 331 113E, 100 chang = 1000 feat) K73 Tang-shn
[possible, neither paraselens nor night rainbow 4= new moon Peb 22723]
Ja0 China Chiiern-yuan reign-perod, 3rd year, 6th momh (TulfAng). At dusk, there were 3 blne vapours in the MW, 1 [ ¥5%W DCEOL
[possible, maybe parhelion or paraselens becanze at dusk at sunzet in MW] Hzin-t'ang-shu
T62  Shanxd, Pao-ving reign-period, 2nd year, 4th month, day jer-tzn (49). At night, aredlight like flames waz seen 4 | ¥5W KIif
Chirna in the NW. Itz blazing flames strechted across the sky and penetrated Tzn-weel [Ziweel near & Drain ZFT] Chiv-t*ang-
It gradvally floated towards E and spread o the M. -zhu, T ang-
It shone brilliamtly for several tens of 11 After a long timoe ther it was dispersed. mi-yao
Ta2 (K75 wery probable, May 1 at 34M 109E, date from Chin-t ang-zhn more reliable, 1 i = 576 m) K73 zes above
[wery probable, new moon Apr 2829]

Chih-te Regierungsperiode, 2. Jahr, 1. Monat, Tag ping-tzu (13). In Nan-yang gab es
bei Nacht vier weilRe Regenbdgen. Sie dehnten sich nach oben aus um mehr als 100
chang. (Tang)

Datum 20.2.757.

Pao-ying Regierungsperiode, 2. Jahr, 4. Monat, Tag jen-tzu (49). Bei Nacht war ein
rotes Licht wie Flammen im NW zu sehen. Seine flackernden Flammen dehnten sich

Uber den ganzen Himmel aus und drangen in Tzu-wei ein [nahe k Dra]. Es schwebte
nach und nach nach Osten und breitete sich nach Norden aus. Es schien glanzend flr
mehrere zehn li. Nach einer langen Zeit verschwand es. (Tang)
Datum 1.5.762 (Neumond 28./29.4.)

References are M33 (Mairan 1733), 70 (Jererniah 18707, F73 (Fritz 1873), M56 (hMatanzhita 19563, L62 (Link 1962), 564 (Schove 1964), N72 (Mewon 1972, K73,

K74 (Keimnawn 1973, 19745, D79 (Dall” Clo 1979), DCE0 (Dai & Chen 1980), MAMMES (Mac Airt & Mac Miocaill 1983), 384 (Schove 1984, Y 3W (Yav er 2. 1995),
B4 (Bone 1996), MBOY WMcCarthy & Breen 1997), XPT (Xu et al. 20000, U13 (Usoskin et al. 2013, and NN (thiz work).
(*)We give our new translation (D7 9 not fully correct).

. for Chronicle, f. for from.

(Neuh. & Neuh. 2015)



Aurora sightings from AD 575 to 341
M: numaber of criteria for anroras fullfilled Polly independarnt evernts are separated by full horizontal lines. See text for details. References at bottom of table.

Year

location

| reported text (onginal language or remnark from lit. in brackets) [ovr commment] | N | Ref.  their sonrces

793

Arabia

Inthis year (177 hidzschra, ie vorth 1989
occvrred a (volant) wind, ang Tahari
Sonday (i.e. the nightof Satn
Then thers waz a further over
Toesday-Wednesday), the 251
over shadowing of the heaven
[very probable, new mmoon b

793

Eunrope

F75: large (Gross) [sonrce no : — HHing

793

793
793

793
B

Morthurabria,
England

England
England

England
England

In thiz year terrible porteats 3
these wers exceptional high r1 .
air A great famine woon follo
harrying of the heather mmizer
[erert with hzathen men was
of Durham; hence, the date o
comrect date iz Jon 8] [very po
584:ca AD 793 anrorae are . g — : < . L
terrific ighming s, and drago . ’ ——— T o g SR o1 Rolls £
{(vizd sunt flarmmed dracones - . O g P T - == : ‘ oo eden
I72: dragon flames seen 5 R s, ' s S
and terrbly burring dragons : % odm TR e W e e T | 1. Ve str.
(795: et dracones per aera horTIoe TacTes 1 ek oy - . ores Hist

In diesem Jahr gab es schreckliche Vorzeichen tber Nordengland, die die Einwohner
verangstigten: Es gab besonders hohe Winde und pl6tzliche Aufhellungen, und man
sah feurige Drachen durch die Luft fliegen. Eine Hungersnot folgte kurz nach diesen
Zeichen, und kurz danach im selben Jahr, (793) am 8. Juni, zerstérten Wikinger Gottes
Kirche in Lindisfarne durch Angriff und Mord. (Angel-S&chsische Chronik)

References are M33 (Mairan 1733), 70 (Jererniah 18707, F73 (Fritz 1873), M56 (hMatanzhita 19563, L62 (Link 1962), 564 (Schove 1964), N72 (Mewon 1972, K73,

K74 (Keimnawn 1973, 19745, D79 (Dall” Clo 1979), DCE0 (Dai & Chen 1980), MAMMES (Mac Airt & Mac Miocaill 1983), 384 (Schove 1984, Y 3W (Yav er 2. 1995),
B4 (Bone 1996), MBOY WMcCarthy & Breen 1997), XPT (Xu et al. 20000, U13 (Usoskin et al. 2013, and NN (thiz work).

(*)We give our new translation (D7 9 not fully correct).

. for Chronicle, f. for from.
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Arabic reports about aurorae, e.g. for AD 793 by al-Tabarf:

AD 793 May, Iraq: In this year (177 h =AD 793 Apr 18 - 794 Apr 6),
according to what al-Waqidi has mentioned, there occurred a (violent)
wind [hir], and overshadowing/darkness [zulma] (of the heavens) and
a redness [humra] (in the sky), on the night of Sunday, the 26th of al-
Muharram [793 May]. Then there was a further overshadowing (of the
heavens) on the night of Wednesday, the 28th of al-Muharram [May
15], and then a violent wind and intense overshadowing of the
heavens on Friday, 2nd Safar [May 19].

ASC: before 8 June 793



Aurora sightings from AD 575 to 341
M: muraber of criteria for anroras fullfilled Puolly independant esertts are separated by foll horizontal lines. See text for details. References at bottor of table.

Year location | reported text (original langn age or remark fror lit. in brackets ) [onr commernt] | N | Ref.  their sonrces
BOT7  Germany F75%: 803: swords of extranrdinary size in the air (3chwertar von avszerordentlicher Grizze in der Luft) F7%  Frobesins £
(LE&2: comrect iz ATy 807, Lyconsthenes mis-dated and donbled o AD 803 and 308) Lycosthenes
807 Centra Europe F73: large armies on sy (Grosse Amneer am Hiramel) (AT 808 Jan 28, Feb 1) EF7a Frobezins,
(LE&2: AT 807 Feb aurora raiz-dated bj.f Lycus.thenes 8085 Ttern 4 Cal foit eclipsizlunae, Mlairan £
doanaray o o o eI TN = n1hAn1e1 Liimo- 1hoaa o
816  Yemen & re.ddls.h glnw ﬂppe.s.redln T.l'.le, s.kj.-' s.nd s.taj,fed urmtil late at night. 2 Bi5  Thrr-al-f)aszim
817 (zorne tirne during the ravsling year mnmng fom Avng 816 to Jul 817) [wery pozzible] (16897
817  Germany in same year flery war armies appeared in sky in October [very possible] 2 LG2 XHanten
(Endem amo menze Oectobr igheas acies apparverunt in coela)
N72: Oet N7T2 Hamten
817 Irag On friday mght, a reddizh glow appearedin the sy and stayed vl late at night. 2 BOg  Tbn Al-Athir
Later on it dizappearsd but teo red columns rernained untl the dawn. [very poszible]
(BOG: 817 Cet 297 [same momnth az sbowve sighhing in Germany, but first sentence like AT B16/7 abowe]
U: ; Sl]ﬂ.l.]ﬂ.;., Fﬂ:m’:— b T W‘J.H..L'E- L ﬂ.;.l.]LUW, = LAl WJ.':PE—, 'E-u‘n.L'E-uI.J'JJ.I.JE I LS 6 e 7 My R ] M Rt I.I:.J'E- h‘.‘l\}' 1 I{T'-‘r T,J.I.JE n}}.]l.'.
China (K74: doubtfnl, Jan & at 34N 109E ) [possible, mooon’s first quarter Jan 6/7]
826  Shamx,

Fao-li =i En-%aﬂad, Tzt wear, 12th m

Basurah, 2005, SoPh 225, 209

Basurah, 2006, J. Atm. Phys. Solar-Terr.

Physics 68, 937

180
Geomagnet Pole Uber Vorderasien ~AD 700-900

and three other (BCD i K74) Teports) K74
differert texts: day chi-yo or day i-yn)
that month, henee all four reports on the same day]
1d fiery, and pale-yellow buming. 3 La2  %AtaLodewicd,
huro ano mtilantes sangnine, Eginhardi
Fulda
ETs Schinning,
FPulda
(470 In the M direction, there was 4 1ed vapour. 2| Y5W  Ki4f
Hzin-tang-zhn
21 [very possible, full moon kay 14515] KM Tang-zshw
27, Atnight, in the INW there was a red vaponr. 3 YsW O Ki4f
Hzin-tang-shn
K74 Tlang-zhn
ipze 1n northern Armerica and Enrope]
1(40}. In the capital, there sz seen 1 | ¥5%W Kr4f
1 Sep 879 Hzin-t'ang-shn




Candidate Aurorae in the 770s:

770 Jun 20, Xian, China: “In the NW, a white vapour extended across the sky.”
(Keimatsu) N=1, moon's last quarter Jun 20/21, possible aurora (?)

770 Jul 20, Xian, China: “A white vapour appeared in the NW direction. It extended
accross the sky.” (Keimatsu), N=1, moon's last quarter Jul 2, possible aurora (?)

772 Sep 29, Ireland: “The assembly of the hand-clapping at which occurred lightning
and thunder like the day of judgment. The hand-clapping on St Michael's Day 29 Sep

which called fire from heaven.” (Usoskin)

L LALLM L LA LA LA L
N=2, new moon Oct 1, very possible aurora or thunderstrom ’ M l l l J ;

a

K

772 summer, Amida, Turkey: “Another sign appeared in the northern side ...

onc ...

at corn harvest: summer 772

/ear ago in the northern region

...” (Dall’Olmo)
In Haziran: 773 June

a4




Chronik von Zuqgnin

aus Amida (= Diyabakir, Turkei),

beendet AD 775/6,
auf Alt-Syrisch (Palimpsest)

An einem Freitag im
Sommer AD 772

-

&
~ \‘Q(‘.

f‘ff

\ el Sl

Und an einem Freitag
Im Junit AD 773

-

772: Ein anderes Zeichen erschien im Norden ...
das war sein Anblick: Ein roter Strahl, ein griner,
ein schwarzer und ein gelber. Es bewegte sich vom
Boden nach oben: Sobald ein Strahl niederging,
stieg ein anderer auf. Wahrend es beobachtet wurde,
gab es 70 Veranderungen.
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First ~ 100 folios
Palimpsest

(syriac on greek)
Translated to English
by Harrak

Halley AD 66
over Jerusalem




_ Triangulum*

Mars

Pérseus

Cetus




AD 7721773

Are these the expected super-strong aurorae ?

No extra C-14 peaks around 793 nor 817!



Aurora sightings from AD 575 to 341
M: numaber of criteria for anroras fullfilled Polly independarnt evernts are separated by full horizontal lines. See text for details. References at bottom of table.

Year  location | reported text (onginal language or remnark from lit. in brackets) [ovr commment] | N | Ref.  their sonrces
792 Arabia Inthiz year (177 bidschra, Le. 793 Apr 18 - 794 Apr 6), acoording to what al-Wagidi has raentioned, there 4 | NN  Bosworth 198
occvrred a (volent) wind, and overshadowing (of the heavens) and a redness (in the sky), on the night of f. al-Tabari
Sonday (i.e. the nightof Satorday-Sunday, but actvaly Monday), the 26th of al-buharram (793 Bay 13).
Then thers waz a further overshadowing (of the heavens) on the night of Wednezday (1.2 the mght of
Toesday -Wednesday], the 28th of al-Muoharrara (793 May 15], and then a violent wind and intensze
over shadowing of the heavens on Friday (acwally Sunday), the 2nd of Safar (793 MMay 197,
[very probable, new mmoon Mﬂ‘_i,-' 14715, solar e.chps.e on May 14 in Amernca, aurorasMay 13-19]
T;: :I.\.J.U'J'E— o 1.11_;-:- ku;u.}..}._,l L.:.uuj.u:- TIOC J.UI.LI.JLI-, puLmJu.:.L TIT .11_,'u':- (7= 18 8 s ] J.J'E-u'LLJ 3 ey Suljcuuu.u_g
79%  Morthurobria, In this year terrible portents appeared over Morthurbria, and mizerably frightened the inhabitants: 2 I Angla-
England these were exceptional high winds and flazhes: of lighting, and fiery dragons were seen flying in the Saxon C.
air A great famine woon followed theze migns; and alittle after that in the same year on 8 Jan, the
harrying of the heathen mizer ably destroved God's cloreh in Lindisfarne by rapine and slangther
[evert with heathen moen was firzt wiking attac to England AT 793 Jun 8 according to Simeon
of Durham; hence, the date given above in the Anglo-5Saxon Chronicle text (Jan 8) 1= wiong,
comrect date iz Jun 8] [very pozzible]
79%  England 384: ca AD 793 anrorae are zeen in M Enrope (fiery flying dragons andrain of blood) S84
793  England terrific lightnings, and dragons in the air, and strokes -5 - = -- - 0 TEN RAooeemT-n -8
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Fragliche Falle:

773 Unterdessen erschienen einigen Christen in der Burg (Fritzlar) sowie einigen Heiden, die
bei diesem Heer waren, zwei junge Leute auf Schimmeln [bzw. in weif’] (juvenes in albis), die
diese Kirche vor dem Feuer schitzten. (Frankische Chronik) N =0 ? Nebensonne(n) im Osten

774 (?) ,,Her ooeowde read Cristes mael on heofonum aefter sunnansetlgange*

Es wurde auch gesehen ein rotes Christusmal (Kreuz) am Himmel bei/nach Sonnenuntergang.
(Angel-Sachsische Chronik) N=1-27? Parhelion-Lichtkreuz
Allen (2012, Nature Corr.) und Gibbons & Werner (2012, Nature Corr.):

Supernova in 774 oder Aurora in 776 ?

776 Man habe, etwas wie zwel Schilde in roter Farbe flammen und sich tber dieser Kirche

(Syburg bei Dortmund) bewegen gesehen. (Frankische Chronik) N=27?
Nebensonnen im Stden

Gibbons & Werner (2012, Nature Corr.): Aurora in 776 ?

Usoskin et al. (2013
und sehen darin ein s
somit Indiz fir Sonr
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C14 amplitude [p.m. ]
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Re Schlachtreihen ...
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Problems for interpretation as solar super-flare:

=>» No sunspot sightings for decades around AD 775.

T

%4
=> No aurorae after AD 773 for 13 yr T f%ﬂ
(but several in the 760s). o, T,
. . NW\&'
=» Carrington event 1859 not detected in 4C (nor °Be):

If 775 were a super-flare (12 p.m. in 1 yr) ~6 x stronger
than Carrington, the latter should have been detected (~2 p.m.).

=>» Cliver et al. (2014): Scaled to SPE 1956, AD 775 as flare would be ~X230 —
problematic by comparison with 1945-1995.

=>» Flare with 103* erg would cover 12% of the solar surface — impossible, because
magnetic field of the Sun is not large enough (Schrijver et al. 2012, Aulanier et al. (2013).

=>» Equating effective plasma pressure of solar magnetosheet and magnetic pressure of
the Earth dipole field, the largest possible storm would be ~2 times larger than the
Carrington event (Vasyliunas 2011).

=>» Stellar super-flares highly uncertain (Kitze+RN 2014, etc.).



Re- anaIyS|s of Kepler data on early G- type stars (PhD thesis by Manfred Kitze, U Jena)

3 T T
o :
£ 10-36 F SIowly rotating G-type stars |
O kplIr011401109
ks 5,100 K= T 4 <5600K
b il =3 (N = 87) R i
- gt g * 1 T ’ 1 = : mé
10-98 T s i i &
10-39 F < O : : K 4 = §
, 5600K<T <6OOQK g
, (N = 14) Pl | TN N e - 8
1 033 1 034 1 035 1 036 § -0.010 -0.005 0.000 0.005 0.010 _

Flare energy (erq)

Many G-type stars with super-flares, but:
- either much younger than our Sun

0.003
!

0.002
1

- or close multiples (interacting)

y—center of light [px]
0.001

g
Localization density of KIC07133671 [# pos/mpxz)]

- or flare happened on a different star .
- or multiple super-flares within 4 yr NN S S S e

7 -0.002 0.000 0.002 0.004 0.006
- or ,,flare* is just one data point, etc. S ——

76 super-flares left (unresolved multiples or high magnetic fields ?)
(Wichmann et al. 2014: at least some G-type Kepler super-flare stars are GIANTS)



A Tree A

Was war die Ursache ? ol O Tree B

QOT}}}HQ% Hh
Supernova ? Nein, zu schwach P
Gamma-ray burst ? zu selten I g, e W

Miyake et al. 2012
Sonnen-Flare ? no

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)
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Was war die Ursache ? ol O Tree B

QOT}}}HQ% Hh
Supernova ? Nein, zu schwach P
Gamma-ray burst ? zu selten I g, e W

Miyake et al. 2012
Sonnen-Flare ? no

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)



In very cold spring and summer,

some trees do not form a new tree ring

(Mann et al. 2012 Nat. Geosc.)
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Figure s | Growing-season statistics. a b, pstimated average length or the
growing season (number or days ot non-zero growth) based on the
biological growth model driven by the Gcpg simulation without stochastic
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Tree rings and volcanic cooling
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Short rise (7o) within 1 yr

Difference in dating, N

. . A Tree A
If no tree ring was formed _ O Tree B
in 1 to few years ?!

-5t
Event was earlier (772 /773) }H

AC (%eo)
|
we X
——y

Difference in dating, 20 % %

If 2 tree rings were formed

within one year ?! 25

Event was later (776 /777 ...) 0760 780 800 820

Year ap

Or even no event at all (if no tree rings were
formed in the years before the apparent spike)



Geomagnetic field: shields Earth from cos
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deep short minimum =>»
Relation to cosmic-ray peak ?
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“A comet collided with the Earth’s
atmosphere from the constellation
of Orion on 17 Jan AD 773 with
coma stretched across the whole
sky and disappeared within one
day, with ‘dust rain' in the daytime”
—-0ld Tang Dynasty Book




Liu et al. (2014 Nat SR)
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Liu et al. (2014 Nat SR), but:
True Chinese text reads:

On 773 Jan 17 it rained down dust, and there
was a long star that emerged beneath Orion.
Its length traversed the sky. Long stars belong

to the class of comets.
(observed later also in Japan)

"FHE AL AL F
EIALLB R —wE %

“A comet collided with the Earth’s
atmosphere from the constellation
of Orion on 17 Jan AD 773 with
coma stretched across the whole
sky and disappeared within one
day, with ‘dust rain‘ in the daytime”
—-0Old Tang Dynasty Book

14C

108

Astron. Nachr, / AN W, Mo BB, TEG—T92 (20 14) ¢ IMN please seq DOF!

The Chinese comet observation in AD 773 January
J. Chapman' *, M. Csikseentmihalyi’, B. Neuhiinser?

! Depanmen of Bt Asian Languages and Calvres, UC Berbeley, Berkeley CAL 94720, United States
* Aatraphysikalisches Insimy, Universitie kena, Schillergisschen 2-3, 07745 Jena, Gernany

Reczived 2004, accoepied
Pabliahed online

Key words  comet AD 773, 14-C event AD 77405

The srong “'C nerease in the year AD 7745 detected in one German and wo kapanese trees was recently sugpesied
10 have been camsed by an impect of a comet onto Banh and a deposition of large amoans of *'C inw the amnwosphere
{Liu et al. 2014 ). The suthors sapponed their claimusing a repon of a hisodc Chinese oservation of aconet semibly
colliding with Eanh's stimosphene in AD 773 bnuary. We show here thatthe Chinese e presented by those smhor s isnot
am original hisworic exi, baithatinis comprised of several diffienem sources. Moseover, the rambation presented in Lio eval.
15 miisleading and inacourme. We pive the exact Chinese wordings and oar English translstions. Accosding o the original
sonce s, the Chinese observed aconet in nid Janoary 773, ban they repon neither a collBion nor alaree cona, justa ong
il Ako, thete i no fepon in any of the soofee lexs about dasy rafa i the dayioe as claimed by Lio et al. (2004}, b
aimply a normeal dos sworm. Ho {1962 re pons sightings of this comet in Chinaon AT 773 Jan 15 andfor 17 and in Japan
an AD 773 kan 200 (Ho 19620, A the relevant hisionic ine, the Chinese hekl that comets were produced within the Eanh's
stmosphene, 5o that it would have been impassible for them 1o repon a collision of a comet with Banh's stmosphere. The
uranslation and conclisions nade by Lio et al (2004) are nod suppored by the hisosical recond. Thenefore, postulating a
sudden incresse in “MC in cosals off the Chinese oot preckely i mid Janaary 773 (Lin et al. 2014) & nod juaified given
Justuhe “FTh dating for AD 783 + 14,

) 114 WILEYVCH Viorkag Cemb & Cn Bflad, Skinhcim

Liu Xu iy, The Old History of the Tang Dynasty (Jiu Tang shu 85 [ 35)

() + AW, ft. 2k REHRZ,
) t+-AWF, KEAPMK WE, Wl 2% REMTZ

Ouyang Xiu EXE5E, The New History of the Tang Dynasty (Xin Tang shu &)
) +-AWHE, WL, AREHTZ,

@ LEF AR, ARETZT, HREX., RE, 8. 2, ERt,

Wang Pu i, Essential Records of the Tang Dynasty (Tang Hui yao [ &%)
6) tEt+="A=+H, RER.,

Ma Duanlin 5556, Comprehensive Investigation of Historical Documents (Wenxian tongkao SCRRE )
(6) LHEFTHANWE, AREMNZT, HEEX, RE, S, 2, [,




A Tree A

Was war die Ursache ? ol O Tree B

é; }i ﬁ%&ﬁ
QOT}}}HQ% Hh

Supernova ? Nein, zu schwach P
Gamma-ray burst ? zu selten I g, e W

Miyake et al. 2012
Sonnen-Flare ? no

Sonstwas ?
Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.
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Cid4 [pm,]

Maunder Minimum ended AD 1712/15.

Aurora level increases from cycle minimum to minimum.

sunspots, aurorae (Tromholt, Fritz), 14C
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(1) Atthe end of the Grand Maximum (~1790) = low 4C level
(2) Decline of strong Schwabe cycle no. 4 (~ 1793) = 4C rises
(3) Weak activity in Dalton (~1800-1830) = 4C level high
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Maunder Minimum ended AD 1712/15.

Aurora level increases from cycle minimum to minimum.

sunspots, aurorae, 1*C

Same around AD 774/5 ?

(1) Atthe end of the Grand Maximum (~1790) = low 4C level
(2) Decline of strong Schwabe cycle no. 4 (~ 1793) = 4C rises
(3) Weak activity in Dalton (~1800-1830) = 4C level high
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(1) Atthe end of the Grand Maximum (~770) = low C level
(2) Decline of strong Schwabe cycle no. 4 (~ 774) = 4C rises
(3) Weak activity =» 14C level high

Neuh & Neuh 2015
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Living Review UsoskKin:

Fast strong drop in

solar modultion potential
IS indeed possible,

e.g. around 1795
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AYC (%o)

a T . .
. A Tree A
Was war die Ursache ? ol % O TreeB |

Supernova ? Nein, zu schwach 25 %

760 780 800 820

Gamma-ray burst ? zu selten Year o
Miyake et al. 2012
Sonnen-Flare ? no

Sonstwas ? Sonnenaktivitatsabfall
(um AD 775, 994, 1795, und BC 671)
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A fast strong drop in solar activity = less solar wind =» more cosmic rays and *C



SN 1006:

St. Gallen: A new star of large size twinckled much ... and was sometimes not seen at
all (behind mountain tops). It was seen for three month in the far south below all other
constellations  =» southern declination limit -39 degree
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SN 1006:

St. Gallen: A new star of large size twinckled much ... and was sometimes not seen at
all (behind mountain tops). It was seen for three month in the far south below all other
constellations  =» southern declination limit -39 degree
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Temp. dT [K]

If 775 due to solar activity decline, then temperature decline on Earth expected ...
(which would not be expected after a solar super flare)
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Reconstruction of solar activity for the last 3000+ years
with sunspots, aurorae, and radioisotopes
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Rekonstruktion der Sonnenaktivitat:

=>» Sonnenflecken
= Aurorae
= C-14 und Be-10 (also kosmische Strahlung)

= Kometen:
Schweiflange, Helligkeit, Sichtbarkeitsdauer, Haufigkeit

=» Sichtbarkeit bzw. Helligkeit der Korona bei totaler SoFi

= Helligkeit von reflektierenden (Klein-)Korpern im SoSy.



m=M +5log (d) +2.5n log (r)
absolute Helligkeit M bei 1 au,

Entfernung d in au zwischen Erde und Komet,

Aktivitats-Parameter n hangt von Sonnen- und
Kometen-Aktivitat ab (n=2 flr reine Reflektion),

Entfernung r in au zwischen Komet und Sonne.

g

01.12.2007

Mosaik aus 9 CTK-Aufnahmen im V-Band




Galileo Galilei (1564-1642, Italy):
Telescopic observations of spots (Dec 1610)

Thomas Harriot (1560-1621, England):
First datable observation of spots (18 Dec 1610)
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,,1610 Syon, Decemb. 8, mane [Saturday]. The altitude of the Sonne
being 7 or 8 degrees. It being a frost & a mist. | saw the sonne in this manner.
Instrument. 10/1. B.

| saw it twice or thrice, once with the right ey & other time with the left. In the
space of a minute time, after the Sonne was to cleare.*



Joachim Jungius on 1611 May 30 (jul.) = 1611 June 9 (greg.)
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(Sachs and Hunger 1989):

“GEg¢ 29 a-kueg-ktg -{kaeg)-tuy ina SUKUR 2
DA[NNA....]"

“Night of the 29th, red glow flared up in the
west: two double-[hours...|".

ina SU
S&H: ,,in the west*

Gelb +64: ,,when dusk was falling*
(d.h. Ddmmerung, aber ,,Night*)

(1) “If in Sivan (month III) an akukutu blazes,
there will be hostility in the land.”
(ii)_“If the day’becomes overcast and there is an S&H: ,red glow*

akukutu in the sky...”

(ii1) “If the night (sky) is tinged with a fiery light Gelb +64: ,,since akukutu denotes
and an akukutu flares up...” an exceptional meteorological

(iv) “If an akukutu is high up in the south...” ? phenomenon of bad portent,
g it probably refers to the aurora*

akukutu (wortlich ?)



Volcanic eruptions during the Dark Ages
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Start of the Dark Ages — with a volcanic eruption AD 536 (?)

Strong eruptions can cause dust-related atmospheric phenomena for several
days to few years like

- turbid and whitish sky;,

- stars including sun and moon appearing fainter,

- abnormally strong, fiery, purple light during twilight,

- a Bishop's ring with a bluish-whitish disk around the sun,

- green, pale blue, and azure blue sun and moon.

(Minnaert, 1993, Light and color in the outdoors, Springer New York)

For A.D. 536/537 there are reports only from the Mediterranean:

- "sun ... dark ... shorn of its natural splendor",

- "as If it were a blue-colored sun",

- "bodies which cast no mid-day shadow",

- "rays of the stars have been darkened with an unusual color",

- "sun becomes dim ... nearly a whole year”

(e.g. Stothers 1999)

And no such reports from professional Chinese court astronomers.




Start of the Dark Ages — with a volcanic eruption AD 536 (?)

Another report newly found:

Syriac Chronicle of Zuqnin for SE 842, 1.e. AD 530/531

In the translation by Amir Harrak (1999):

“The year eight hundred and fourty-two (AD 530/531):

The sun darkened and its eclipse lasted one and a half year, that is,
eighteen months. Although the rays were seen two or three hours (a day),
they were weak, just as fruit never became fully ripe and all the wine
tasted like sour grapes.  (possibly mis-dated by a few years)

Similar in other Near East chronicles:

- Elias: an “eclipse” of sun and moon lasted 15 months from AD 536
Mar 24 to AD 537 June 24,

- Agapius: solar “eclipse” in SE 846 (A.D. 534/535) lasting 14 months,
- Bar Hebraeus: “eclipse” for 14 months
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Terra-Astronomie:

Untersuchung variabler energiereicher kosmischer Vorgange
wie nahe Supernova-Explosionen und Sonnen-Variabilitat
mit Wirkungen auf Terra: Erd-Klima, Biosphéare, Weltraum-Wetter, Kultur, etc.

Terra-Astronomie untersucht terrestrische Archive, u.a. Radionukleid-Vorkommen
und von Menschen verfasste Berichte, auch mit astronomischen Methoden.

|. Historische Zeit: mindestens ~ 3000 Jahre
Z.B. Rekonstruktion der Sonnenaktivitat,
historische Supernovae etc.

[1. Astronomische Zeitskala: Millionen Jahre (Neutronensterne, Runaway-Sterne)




Historische Beobachtungen als Quellen - Probleme: 6 Beispiele

Grundsétzlich keine historisch-kritische Exegese, sondern ,,Steinbruch*
(z.B. Allen: ,,quick google research® zu red cross in AD 774/5)

- Keine kritische Text-Edition (Abschreibfehler, Varianten, etc.)

(nur ein MS)
- Keine Prifung der Datierung (welcher Kalender ?) (AD 774 statt 776)
- Keine Konsultation alter MSS (zeichnungen ?) eof mspabids
- Ubersetzungsprobleme (cross/crucifix, sky/heaven) .,'.+ Co
- keine Berticksichtigung des Kontextes cotvna mifd

z.B. fur ideologisches Kriterium

- Entwicklung von Wort-Bedeutung (zfter auch wahrend)

und Begriffen, z.B. lat. cometes bzw. arab. nayzak:
seit ~1600 nur Komet i.h.S.,
vorher auch flr Novae / Supernovae

Unkritische Kategorisierung
(z.B. red cross als supernova, aurora, airglow)
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Himmelszeichen —
Globalkatalog historischer Beobachtungen transienter Phanomene

- Aurorae -

- Sonnenflecken !

- Kometen o &7 .

- Novae und Supernovae W U . AaT
- (ggf. Meteore und Halos) L8 ,U

. P~
Aus allen Kulturkreisen: Europa, Nahost, Fernost, etc.

(ggf. nur fir die vor-teleskopische Zeit bis 1609)

Bisherige Kataloge unvollstandig und teils fehlerhaft ...

Trans-disziplinare Unternehmung fur

(Kultur-)Astronomie, Meteorologie, Geophysik,

Philologie, Wissenschaftstheorie, Literatur-/Kulturwissenschaft,
Geschichtswissenschaft, Chronologie, etc.




Vorlesunq fur Studierende aller Fakultaten: Terra-Astronomie

SoSe 2017: Vorlesung Mo 14:15-15:45h + Seminar Mo 15:45-17:15h

(Raum)
+ Ubung Do 14:15-15:45h (Seminarraum Sternwarte SchillergaBchen 2)

Studium transienter Himmels-Phanomene (nahe Supernovae, Sonnen-Variabilitat, Kometen etc.) mit Wirkungen
auf Terra: Erd-Klima, Biosphare, Weltraum-Wetter, Kultur, Literatur, etc. — untersucht mit astronomischen Methoden
einschliellich terrestrischer Archive: u.a. Radionukleid-Vorkommen (z.B. 1C) und menschliche Beobachtungsberichte.

| www.astro.uni-jena.de > Terra-Astronomy
i

T  Inhalte der Vorlesung:
T e @M - Sonnenaktivitat: Flecken, Aurorae, Radioisotope
i | | - Solar-terrestial relations (Weltraumwetter)

- Halo-Displays (und ihre kulturelle Bedeutung)

- Supernovae und ihre Uberreste

- historische Beobachtungen verstehen und nutzen
- Astronomie fir historische Chronologie

- Kalender-Compuitistik etc.

Info: ralph.neuhaeuser@uni-jena.de

8 ECTS Punkte
bei erfolgreicher Teilnahme an Ubungen (insbesondere fiir Studierende der Naturwissenschaften) und/oder

erfolgreicher Teilnahme am Seminar (insbesondere fiir Studierende der Geisteswissenschaften)




