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Historische Supernovae

1. EinfUihrung

2. Kepler (SN 1604)
3. Tycho (SN 1572)
4. CasA (~1680)

5. Crab (SN 1054)

6. SN 1006



Historische Beobachtungen (galaktischer) Supernovae

sind wichtig fur:

=>» Lichtkurve =>» Typ der Supernova: thermonukleare SN | (Doppelstern)
oder Kern-Kollaps SN Il (massereicher Stern)

=>» Feststellung des Ortes der Supernova (SN)
=> Identifizierung des SN-Uberrestes und ggf. des Neutronensterns
=> damit grobe Entfernungsbestimmung

=>» Helligkeit im Maximum (bei bekannter Entfernung) =» Typ der SN

=> Zeitpunkt der Explosion: exaktes Alter von SN-Uberrest (und Neutr.stern),
(sonst nur sehr grob bekannt)

=>» ggf. Identifizierung eines Run-away-Sterns bei SN Il im Doppelstern
=>» damit genaue Entfernungsbestimmung

=» ggf. Lichtecho-Spektroskopie = Typ der SN, Asymmetrie etc.



Kriterien fur die Klassifikation historischer Beobachtungen
als Supernovae

Im Gegensatz zu anderen transienten Ereignissen wie Novae und Kometen:

=> Sehr hell

=» lange Sichtbarkeit, mehrere Monate

=>» stationar, d.h. keine Bewegung relativ zu den Sternen

=>» SN Il eher in der galaktischen Ebene, meist in OB Assoziationen

=> Spatere Identifikation von SN-Uberrest und ggf. Neutronenstern

Standardwerk: Stephenson & Green “Historic Supernovae and their Remnants™



Historische Supernovae
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Historische Supernovae (~2000 Jahre)

Table | Historic supermovae i the last 20000 yr. There are several Galactic historic 5N sightings since | 85 (sorted here by Gme ), but no SN sighting within 200 yr around A0 7T,
Thiz listing shoows that SMe weme observad before and afier the AD 77455 event. Also, the SHEs Mela Irand Cas A are lisied, because they were considered in M1 2 10 be possihly melaiad o
the AD TT4HS event; ab the end of the table, we list six more 5MNRs, which should be related to ecent 5Me given the ages of the pulsars andfor 5MRs; however, all those eight SRS ape all too

distant for the AD TTHS event (if that were a normal S8 at -~ 124 peb; Vela Iris oo young given its expansion velocity,
SN Lz aticn Ext, Ay Peak magnitude SupErnova emnant Meutmn sta S ype
Year &[] [ miag] hist Equ i3} (i mame d [kpe] age [kyr] Ref name d [kpe] age [ kyr] Ref & Ref,
1857 Cien —50 TRIEE — &2 —3 o # 3204-1.2 S00LG) 1.7-20) 1.3 1513-5908 31384 < | .56 35 co 11,20 a)
169 7 ()~ 65 < 2° 16
386 Har —19 ATiRATA e 2 O 10 11.2-003 500G 434 I0-15 | 1811-1925 < 233 16T 116518
93 Sco—30 3.0(2.4)" T —Hin 2 37,305 1.Ai5) |60 19-23 | 00 e (cl col T
[ (305 Lip —42 03203 —T.54 —A =T | 3264146 ZIAA) 24-26 | none a3 27
105 Taun + 22 B —d g —Tto —3 | &d.5-5.8 2005 09530210 2931 | 053442200 2.0-2.5 < 1.2 32330115 | TLCmah32
I1&l Cas +64 1.300.2) i e 0,77 —in —2 |30, T+3.1 2.403) (L8-T 10 AT | 02056449 12-1.5 < 5.a7 3329 124041
1572 Cas + 65 285 16 - —4.5 —f =5 | 20,1+ 4 225016 ~difl 242 nione (Tycho's 5K la, 43
[FETHS Ciph —20 32701 I_| Y —dtwm =4 | 4568 3.403) e A 2,45 nosne { Kepler's SN laie)
Ornther young SMREs considensd in Hi_'rakc el oal, 20012
w300 Vel —d6 I .6 %lﬁl‘-l — 1210 —3 | 266.2-1.2 020 -1 0.4-4.3 A7-50 | 000 (ela In if NATAS
~ 1680 | Cas +58 L1G12.6)° (2l Fmll 111.7-21 :%_.'.':::’:‘ ~333 51,52 | OCO (Cas &) a3 IIh‘H

AD 185, 369, 386, 393 1006, 1054, 1181 1572, 1604
+ 2 ggf. gar nicht bemerkt: Vel Jr. und Cas A (?)

~ 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).



Historische Supernovae

1. EinfUihrung

2. Kepler (SN 1604)

3. Tycho (SN 1572)
4. CasA(~1680)
5. Crab (SN 1054)

6. SN 1006



China:
Wanli reign period, 32nd year, 9th lunar month, day yi-chou (22) [1604 Oct 10].

At night, at the SW, there was produced a strange star. It was as large as a pellet
and its body was orange. It was called a guest star.

12 jh O B Sy B
R B R
i o ) 1 1 (V0| Sy
B el 0 Korea:
515 | PNTIEARS : -
] EE‘%%%’@“ 3 King Sonjo, 37th year, 6th lunar month, day wu-
R (2l 0wl chen (5) [1604 Oct 13].
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A t 8 7 | - ! % | .
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Bk 2 2.%' : smaller than Jupiter and its color was orange.
- R A %ﬁ%g%‘g It was scinntilating.
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Europa:
ab 9. Okt. 1604 abends durch Altobelli in Verona

(am 8. Okt. beobachtet, aber nichts gesehen).

Ab 10. Okt. auch durch Simon Marius in Padua.

Kepler ab 17. Okt.

| |
Kepler's SN
—-20° T Saturn ¥
O
o Jupiter
Mars :
O ;
~25%L =
| A |

178 oo™ | g™



Europa:
ab 9. Okt. 1604 abends durch Altobelli in Verona

(am 8. Okt. beobachtet, aber nichts gesehen).

Ab 10. Okt. auch durch Simon Marius in Padua.

Kepler ab 17. Okt.

l”‘ NOVA OPHIUCHI OF 1604 AS A SUPERNOVA*
£ W. BaADE

;;% Mount Wilson Observatory

33 Received January 11, 1943

ABSTRACT

Nova Ophiuchi of 1604 is one of the earliest well-observed novae. Its position has recently been rede-
termined by Schlier and Boehme from the original measures of Fabricius and Kepler. The light-curve,
derived in the present paper, shows that the star was a supernova of type I, which at maximum reached
the apparent magnitude —2.2. A check of the Chinese version of the apparition against the light-curve
shows that the Chinese reports about new stars were based on careful observations.

A search for the remnant of the supernova led to the discovery of a small patch of emission nebulosity,
which is undoubtedly a part of the masses ejected during the outburst. The investigation of this remnant
meets with unusual difficulties because the supernova is behind heavy obscuration. The determination of
the distance and the luminosity of the supernova must therefore be left to future observations.



TABLE 2

ESTIMATES OF BRIGHTNESS AND COLOR OF NOVA OPHIUCHT OF 1604

Date  (Gregorian) Brightness of Nova Color Observer
1004 Oct. :B....Notseen @ 9 = = 30 Fosssewmanass Several
Oct. 9....| As bright as Mars Like Mars Anonymous physician
(Cosenza)*
As bright as Jupiter Like half of
: ripe orange | Altobelli (Verona)
Oct. 10....| Somewhat brighter thanon Oct. 9  |............. Anonymous physician*
Very similar in brightness to Mars Like Mars Capra-Marius (Padua)f
Oct. 11....| Still brighter thanon Oct. 10 = |............. Anonymous physician*
Twice as bright as Jupiter | ............ Heck (Rome§§
Oct. 12....| Almost as bright as Jupiter =~ [ ... ........ Roeslin (Hagenau)||
Oct. 15....| Asbrightas Jupiter or somewhat more | Like Jupiter | Anonymous physician*
Much brighter than Jupiter; no fur-
ther increase after thisday @ |[............. Altobellit
As bright as Jupiter or a little more;
no further increase afterward  |............. Capra-Marius}
A little brighter than Jupiter Like Jupiter; | Fabricius (Osteel) ¥
white, not
red
As bright as or brighter than Jupiter |............. Brenzoni (Verona)**
Brighter than Jupiter and equal to |............. Maestlin (Tiibin-
Venus gen)tt
Oct. 17....| Much brighter than Jupiter (almost |............. Kepler (Prague){f
twice as bright)
1605 Jan. 3....| Brighter than a Sco, much fainter |............. Keplerii
an a Boo
Jan. 13....| Brighter than a Boo and Saturn  |............. Keplerif
{an. 14....| Aboutasbrightas Mars(inOct., 1604) |............. Fabricius¥
~Jan. 21....| About as bright as a Sco, a little |............. Maestlin{t
brighter than Saturn -
Endof Jan....| AsbrightasaVir | ... ... Heydon (London) §§
March 20. .. .| Not much brighter than f and n Oph |............. Kepleri}
March 27. .. .| Not much brighter than {and nOph |............. Brgngger)ﬁl"(auf-
euren
~March 28....| Not much brighter thannOph  |............. Cristinif¥
April 12....| AsbrightasqyOph ... ... FabriciusY
April 21....| AsbrightasqyOph ... ......... Kepler{i
Aug. 12-14.| Asbrightas#Oph ... ... Kepleril
Aug. 29....| Aboutas brightas£Oph  |............. Kepler{}
Sept. 13....| Fainterthan£Oph = | ............ Kepler{i
Oct.  8....| Difficult to see; fainterorequal #Oph |............. Kepleri!




TABLE 3
POSITIONS AND MAGNITUDES OF MARS, JUPITER, AND SATURN, 1604-5

Planet Date a 1604.0 3 1604.0 logr log A My
Mars............. 1604 Oct. 9 | 17813m 7s | —24°39'0 | 0.1446 | 0.1870 | +0.90
JOOREE 0 ovtciinnin 1604 Oct. 8 1712 0 —-22 51.6 .7180 .7475 —1.87

Oct. 15 17 17 26 —22 58.2 L7178 . 7546 —1.84
Nov.12 | 174040 | —2319.2 | 07171 | 0.7775 | —1.73
a 1605.0 4 1605.0
Saturm. i 1605 Jan. 13 ’ 1722 9 ’ —2157.6 | 1.0044 | 1.0387 | +0.78
| {

o Kepler's SN

—207 * Saturn
@)
Jupiter
o P
o Mars
(o]
-257 |
| |
. m
L7 ™ 30




TABLE 4

MAGNITUDES OF NOVA OPHIUCHI OF 1604

Date (Gregorian) Observed Magnitudes l?adg(:::;e
1604 Oct. . - Fainter than mag. +3 >43=
Oct. S wnan +0.9;(—1.9) +0.9
gcct. i(l) ...... +8 ;; EI-02.99 +8;
| S & - 3 (— -0,
Oct. 12....0 =15 : =18 SN laorll?
Oct. 15 ... —-2.1;(=3.0); —2.1;
—2.3; —2.2 (brighter
than —3.0) -2.2 i
-2.
Oet: 17....4: —-2.6 —-2.6
1605 Jan. 'lg ...... +0.7; +1.0 +0.9
AV s — " ¢ 1
J::. 14...... 1504 OCT WOV, OEC %608 JaN 1] WaR apa. war N Ly G, SEPT.  OCT
30 20 23 93 a 28 " 9 23 L] 8 8 14 7 27 e S 25 15
~Jan. 21...... ‘
nd of Jan..
March 20...... :'o
March 27...... 3
~March 28...... a
April 12...... =
April 21...... ! [
Aug. 12_14. . 2.0 ! \\ i
Aug.. 9., l ' \
Sept. 13...... $ | ‘ e
Oct. 8...... Ll j — |
4 1 ’ ' —
+6.0 % ! l 1 i :
3 dem a3 i 123 163 203 243 283 32; 363

F16. 1.—Light-curve of Supernova Ophiuchi of 1604. The smooth curve representing the descending
branch is the visual light-curve of the recent supernova in IC 4182, properly adjusted.
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Ibn Lutf Allah ben al-Mutahhar: . “g;u,,bgi,@j";wﬁ;;’j& _

,Wihrend des Monats Rabi'a I | W"@’x)umu:u.,u o lpretfethle
- - LA LY AETT NS ‘_,

im Jahr 1013 Hidschra Wi . :%&twiff@;ﬁﬁ

(d.h. Oktober 1604)

erschien ein Stern vom Westen in Sagittarius aus

In Gestalt von Jupiter (d.h. so hell wie Jupiter).

es war einer der Nayazik (d.h. einer das transienten)
und blieb fast 40 Tage und wurde dann schwacher.*

(Keplerab 17.10., andere in Italien ab 9.10.)

(RN, Rada, Kunitzsch, JHA, submitted)



Exkurs:

Solar, lunar, and luni-solar calendars



Solar, lunar, and luni-solar calendars

Solar calendar:

(tropical = astronomical) year: from vernal (spring) equinox to next.
1 year = 365 days 5 h 46 min 46 sec = 365.24220 days

(synodic) month:
(from same phase to next same phase, e.g. from new moon to new moon)

29.26 t0 29.80 days (average: 29.53 days )
(orbits of Moon around Earth and of Earth around Sun
are not perfect circles, but they are eccentric)

=» year Is neither a multiple of a day nor of a month
(1 tropical year = 12.36851 synodic months)



=>» Julian calendar (Julius Caesar, Rome, 46 BCE):
1 year = 365 days + one leap day every 4th year
"N :I— 365.25 days (following Sosigenes)
Start of the year: January 1
Length of the months as we know today
Leap day: technically after Feb 24 (not Feb 29), but don‘t worry
(full Implementation slowly ...)
Difference between Julian year and (astronomical) year
amounted to 10 days by the year 1582 CE !




Solar, lunar, and luni-solar calendars

Solar calendar:

(astronomical) year: 365 days 5 h 46 min 46 sec = 365.24220 days

Difference : 10 days by the year 1582 CE !

Gregorian Calendar (Pope Gregor XII1I, Rome, 1582 CE): :
After 1582 Oct 4 (Thursday), next day was Oct 15 (Friday).
Same as Julian calendar, but little less leap years,

so that average length of yearis  365.2425 days
(error of 1 day after more than 3000 years). Ok!




Solar, lunar, and luni-solar calendars

Gregorian solar calendar might be ok,
but ist months are not connected to lunar phase.

Luni-solar calendar: (leap month)

=>» year Is made up of 12 month + leap month some times
e.g. pre-Islamic Arabic (Babylonian) calendar,
with different rules to decide as to when to place a leap month.

l_unar calendar:

=» year is made up of 12 lunar month, e.g. Islamic Calendar,
seasons move thru the year




Calculated Islamic calendar

Start of Hijrah era (Caliph cUmar, year 17 Hijrah = 638 CE):
Year 1 Hijrah (1h) at the first day of the first month (Muharram) s
of the year, in which the Hijrah took place SR

(1.e. the emigration of Prophet Muhammad from Mecca to Medina)

The first day of the first month (Muharram)
started at the evening of the first sighting of crescent new moon.

Days run from evening to evening ! (also months and years)

1 Muharram year 1 Hijrah

= evening of 15 July to evening of 16 July in year 622 CE
(but maybe evening of 14 July to evening of 15 July)



Calculated Islamic calendar

Calculated Islamic calendar:
Start of year 1 Hijrah on evening of 15 (or 14) July 622 CE

then months with alternating 29 or 30 days

then one leap day in 11 of 30 years (extra day in last month).

(synodic) month:
(from same phase to next same phase, e.g. from new moon to new moon)
29.26 t0 29.80 days (average: 29.53 days)

Difference between 29.5 and 29.53 is 0.03 days per month
=>0.03 x 12 days per year = 0.36 days per year (about every 3rd year)

=>» It is not known a posteriori, when the crescent was seen.



Calculated Islamic calendar - example

Example: Death of caliph Abtu Ja®far al-Mansiir according to
,,The History of al-Tabari*: ,,The night when Abii Ja‘far

al-Mansur died ...

was Saturday, 6 Dhi al-Hijjah, 158 Hyjra ...*

Conversion tables from Spuler & Mayr (1961):
»» Wiistenfeld — Mahler‘sche Vergleichstabellen®

151—200 H.
768—816 n. Chr.
—g g o o) e - © H o m ) 1) ) .ﬁ o — O 'g ) go go
) g 53 & 58 ) s P 2 @ 3%" g i : & N i H
gl 4 4§ H 4 H 3 & vga '.gs D £ H g H B E Ao ol
! = [ 2 D m (=} [=2] (=] (=] m (=] 0 [=2] (=] 3 o ;‘ o=} :
i S N ® Mg &5 ® - I » N ‘g ) 02 N SI ™ Slé
n. Chr.
151 | 168 126C 125K 1125 ¥ IV24A V23B VI22D| VII2IE| VIII20G IX18A X18C XI16D| XII16F
152 | 769 114G 11188 1114 ¢ IVI3E Vi2r VI11A|  VII10B| VII 9D IX 7E X 76 XI 5A| XII 5C
163 | 770 1 4K I 3G 111 4A IV 8C vV 2D VI 1F VIS0G| VIIS0B| VIII28C IX27E X2 F XI25A
154 | 770 XII24B| 771 128D 21 E 11128 G [V21A velc VI19D| VII19F| VIII7G IX16B X15C XI14E
155 | 771 XI[18F| 772 112A 1I10B II11D IV 98 vV 9G VI 7A| VI 70| VII 5D IX 4F X 3G XI 2B
156 | 772 XII 2D| 778 I 1¥ 130G I 1B 11180 C IV29E V28 F VI2TA|  VII26B| VUI25D IX23E X23G
t5=tg3 XI21A|  XII21 @it II18F 111196 1IVi8B V17¢ VI16E| VII1BF| VII14A 1X12B XTYD
158 | 4 XI11F Xu11d| 755 1 9B II 8D I 9E 1V 8G V 1A VI 6C| VII 5D| VIl 4F IX 2G X 2B
| 159 | 5 X81C  XI30 1120776 1284 1126 B 127D IV25E V256G VI23A|  VII23C| VIIZ2ID IX20E
160 | 776 X19G|  XI18B|  XII17¢| 777 [16E 1114F 1116 A IV14B V14D VI12E|  VIII2G| VII10A IX 9C
On Calculated Islamic Calendar:

1 Dhu al-Hijjah 158 Hijrah = evening 1 to evening 2 Oct 775 CE (B=Monday)
=» 6 Dhi al-Hijjah 158 Hijrah = evening 6 to evening 7 Oct 775 CE (Saturday)




Calculated Islamic calendar

Comparison Calculated Calendar to history:

+/- 1 day due to uncertain era start: eve of 14 or 15 July 622 CE

+/- 1 day because it is not known a posteriori, when in history
a month had an extra day (not known for most months)
=>» Total uncertainty +/- 2 days !!!

On Calculated Islamic Calendar:

6 Dhu al-Hijjah 158 Hijrah = 775 eve Oct 6 (+/- 2) to eve Oct 7 (+/- 2)
(evening of 5 to evening of 6 Oct if era started on evening of 14 July)



Historische Supernovae

1. EinfUihrung
2. Kepler (SN 1604)
3. Tycho (SN 1572)

4. CasA (~ 1680)

5. Crab (SN 1054)

6. SN 1006



Tycho Brahe (1546-1601):
transiente Phanomene nicht sub-lunar
(entgegen Aristoteles).

Komet 1577
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Tycho Brahe 1572:
,hova stella® = neuer Stern

(spater: Nova bzw. Super-nova)
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Tychos
Supernova
(SN 1572):

Ibn Lutf Allah ben al-Mutahhar:
., 1 hen began the year 980h
[14 May 1572 to 2 May 1573 A.D. = 2 days].

In it there appeared a star [najm] in the path [majra] of
Ursa Minor [Banat Na‘sh al-Sughra] towards the East.
It was larger than Venus. People said that this would
Indicate the death of al-Mutahhar, the son of the
Imam, and that the appearance of such [objects] only
happens in order to indicate the death of some mighty
King or a great leader in that region.*

(RN, Rada, Kunitzsch, JHA, submitted)



Tychos Supernova (SN 1572 Nov 6):

Ibn Lutf Allah ben al-Mutahhar:
“... Indicate the death of al-Mutahhar, the son of the Imam ...”

The mentioned Imam is the Shi'ite Zaydite Imam and leader
al-Mutawakkil, who died in March 1555 A.D.

His eldest son took up the leadership, called al-Mutahhar, the
son of the Imam.

This person is the grandfather of the author of our MS:

°lsa b. Lutf Allah b. al-Mutahhar, meaning ¢/s& son (or:
descendant) of Lutf Allah son (or. descendant) of al-Mutahhar,
a rare name. It is also known that the mentioned grandfather
of our author died of a sudden and unexplainable death on
A.H. 980 Rajab 3 (A.D. 1572 Nov 9).



Tycho Brahe (1546-1601)
SN laorll?
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Declination

_ichtecho von Tychos SN (1572) -) Typla SN
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Historische Supernovae

1. EinfUihrung
2. Kepler (SN 1604)
3. Tycho (SN 1572)

4. CasA(~1680)

5. Crab (SN 1054)

6. SN 1006



2 William B. Ashworth, Jr
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Fio. 1. The positions of the first five Cassiopeia stars, as given in Flamsteed's 1723 catalogue
ah:giasdﬂmlﬂed in his atlas of 1729.* The Flamsteed numbers on the star map have
& .

Possibly observed by Flamsteed
on 1680 Aug 16 at 5th to 6th mag
(Ashworth 1980 JHA)
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Fig. 6—A schematic diagram of our model of Cas A, in which the final
shell is off center with respect to the expansion center of the SN ejecta. In this
diagram, y represenis the fractional displacement of the site of the explosion
from the current center of the shell. Knots strong in [O 1] predominate on the
near side, and those strong in [5 ] are seen on the far side of the remnant.

THREE-DIMENSIONAL STRUCTURE OF CAS A SNR. L.

TABLE 3
COMPARISON OF THE ¥, AND DISTANCE ESTIMATES OF THREE METHODS

Method (o ) pmser v km s™") Uoplkm 57 1) Dikpe)
vivs 0% ...l Braun® 0 5280 294010
vivs. ®............ VDBK 0 5600 + 1000 3.7+ 08°
vivs 87 Reed et al. 0 3500 + 8307 39+ 06°
vvs. 8% ............  Reedetal 770 100+ 5507 34+ 04°
Ugsp V5. Ug.oooenno.. Reed et al. 770 5290 + 90¢ 3.57 + 0.06° + 0.3°
R=v,0tapg e Reed et al. 170 53900 + 90¢ 333 + 0.06°
R=0,, 550 Reed et al. 770 5490¢ + 90° 3.39 + 0.06°




Light echo of historic SNe: Cas A (~1680) = SN ||
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Historische Supernovae

1. EinfUihrung

2. Kepler (SN 1604)
3. Tycho (SN 1572)
4. CasA (~1680)

5. Crab (SN 1054)

6. SN 1006
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SN 1054 in Northera America (?)




SN 1054 (Crab): Beobachtung in China & Arabien
Ibn Abi Usaybi‘a, AD 1194-1270 (im Buch Uyun al-Anba):

,,Ich [Ibn Abi Usaybi’a ] zitiere seinen [Ibn Butlans] folgenden handschriftlichen
Bericht. Er [Ibn Butlan] sagte:

Eine der berihmten Epidemien unserer Zeit ist die, die auftrat, als ein
spektakuldrer (athari) Stern (kawkab) in Gemini erschien, im Jahre 446 H.

Im Herbst diesen Jahres wurden 14000 Menschen in Konstantinopel beerdigt.
Danach starben die meisten Bewohner von Fustat (Kairo) und alle Auslander

in der Mitte des Sommers des Jahres 447 H. ...

Wahrend dieser spektakulédre Stern in Gemini erschien, verursachte er den Beginn
der Epidemie in Fustat, als der Nil niedrig war, im Jahre 445 H.*

(Brecher, Lieber & Lieber 1978, Nature 273, 728)
Islamisches Jahr 446 Hijjra = 12 April 1054 bis 1 Apr 1055 AD
Nil war im Jahre 446 H. niedrig.

SN 1054 beobachtet seit 4. Juli 1054
(chinesische Quellen)

Max am 16. Juli 1054 (tagsuber -6 mag),
= Tag der (ungultigen) Exkommunikation des
Michael Cerularius, Patriarch von Konstantinopel




supernova remnants: Crab (1054)
(GSH Dathe et al.)




Historische Supernovae

1. EinfUihrung

2. Kepler (SN 1604)
3. Tycho (SN 1572)
4. CasA (~1680)

5. Crab (SN 1054)

6. SN 1006




SN 1006:

China: Am zweiten Tag des vierten Mondmonats (1.5.) wurde in der ersten
Nachtwache ein grol3er Stern gesehen. Seine Farbe war gelb ... seine Helligkeit war
langsam angestiegen. Seine Position war 3 Grad in der Mondstation Di ...,
Mondstation., d.h. Rektaszension

Dec {deg)
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SN 1006:

St. Gallen: Ein neuer Stern ungewohnlicher Grofe funkelte stark ... und war
manchmal wie ausgelodscht. Er wurde aber drei Monate lang gesehen im dul3ersten
Suden unterhalb aller Sternbilder des Himmels.

Sichtung in St. Gallen, d.h. stidliches Deklinationslimit um -39 Grad
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SN 1006: C€Al1b. Ridwan (geb. AD 989 oder 998), Kairo: ‘

Univ. Al-Azhar
Kairo gegr. 971
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SN 1006:

CAl1 b. Ridwan, Kairo: Ich beschreibe nun einen Stern, den ich am Anfang meiner Ausbildung
selbst gesehen habe ... im 15. Grad von Skorpion ... 2.5 bis 3 mal so hell wie Venus ... wie ein
Viertelmond ... er bewegte sich mit den Sternen ... er verschwand nach drei Monaten ... Die
Position der Planeten war wie folgt: (Sonne, Mond, Saturn, Jupiter, Mars, Venus, Merkur
Positionen =» Zeitpunkt 30.4.1006)

15. Grad Skorpion‘ Chinese Moon Station d.h. ekliptikale Lange
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SN 1006, weltere arabische Berichte:

Yahya b. Sa'1d:

396 H. Ein groRRer Stern erschien am Himmel am Samstag, den 2. Tag des 2.
Monats (2./3. Mai 10006) ... grofle Helligkeit wie der Mond ... fiir vier Monate ...

Ibn al-Jawzi:

Links der Gebetsrichtung erschien ein grof3er Stern —wie Venus in Grol3e und
Helligkeit ... in der Nacht auf Freitag, den 1. Tag des Monats Sha'ban (1./2.5.) ...
Er blieb bis zur Mitte des Monats Dhu al-Qa‘dah (13. Aug. 1006)

Ibn al-Athir:
zitiert i.w. Ibn al-Jawzi

Bar Hebraeus:

396 H. Es erschien ein Stern wie Aphrodite in GrofRe und Schénheit im
Sternzeichen Skorpion ... er blieb vier Monate und verschwand dann.

Annales Regnum Mauretaniae:

Im Jahre 396 H. erschien ein groR3er heller (Schweif-)Stern. Es war einer der 12
Nayazik. Er erschien am 1. Tag des Monats Sha'ban (1./2.5.), zuerst vor Sonnen-
untergang ... Der Stern blieb fiir sechs Monate (bis 2.11.)

... sowei bekannt (Stephenson & Green)



Neue alte Berichte: Supernova 1006
lbn aI-DaybaC (AD 1461 - 1537), Yemen:
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Newly found old reports from Yemen: Supernova 1006

Al-Yamani (died AD 1342), Yemen:
G pdal o aad adh Chal) AL (4 a0 396 Ada) ) cial Gl Lald
32 ol )saa 08 al g Aol Claly Guadd) g & o & ja (1) 38 30 Jia
sla b AdlS dadic 4 A Adg b)) Jia adi Al ) g e 8 sk )

Ui Ga O Jpall 7 A s sl QS5 Quadd) FladS plad dly ¢ jhuay
M el ﬁaJ_ﬁuaEngmM1HQgELaﬁ£E?14_5

&5 (1)
(additional text from Ibn al-Dayba® (AD 1461 - 1537), Yemen, depends on al-Yamani)

Al-Yamani:
On the night of mid-Rajab [15th of Rajab], in the year 396h [AD 1006 Apr 17 + 2],
a star appeared from the east at half an hour after sunset.
It was four times as large as \Venus.
It appeared in the zodiacal sign of Libra in Scorpio and remained unchanged like that.
In the night of mid-Ramadan [3 months later]
Its light started to decrease and gradually faded away.
(Rada & Neuhauser, 2014, AN 336, 249, arXiv:1508.06126)



Supernova 1006 am 22. Apr. 1006 von Sana’, Yemen
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SN 1006, 30.4. ekl. Lange 221.6 (Ridwan : etwa 224 — 225)

an der Grenze von Waage zu Skorpion bzw. in al-Ghafr = Beast of Prey = Lupus (?)
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Supernova 1006 von San‘a’, Yemen

Chinese Moon Station
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Positionen von al-Yamani und Ibn al-Dayba® sind weniger prazise,

aber akurat !



SN 1006, neuer, fruher arabischer Bericht:
Ibn Sina = Avicenna (AD 980 - 1037) in Al-Shifa:

... Es passiert, dass das Brennende und Flammende

far eine Weile bleibt — entweder in Form einer Haarlocke
oder mit Schweif - meist im Norden,

aber manchmal auch 1m Siden,

oder in Form eines Sterns unter den Sternen,
wie der, der im Jahre 397 H erschien [=AD 1006/7].

Er blieb nahezu 3 Monate,
dunkler und dunkler werdend bis er verschwandt;
am Anfang tendierte er zu dunkel und grun,
dann begann er zu funkeln,
und dann wurde er mehr und mehr welif3lich
und wurde schwacher und verschwandt.
(RN, Ehring-Eggert, Kunitzsch, in press)



Dec {deg)

Surprise from Yemen: Early detection around 17 April !!!
Previously: China since 1 May, Arabia since 30 April

St. Gallen: Ein neuer Stern ungewohnlicher Grole funkelte stark ... und war
manchmal wie ausgeloscht. Er wurde aber drei Monate lang gesehen im
aulRersten Suden unterhalb aller Sternbilder des Himmels
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Ein neuer Stern ungewdhnlicher Grol3e
funkelte stark ... und war manchmal wie
ausgeldscht. Er wurde aber drei Monate
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Surprise from Yemen: Early detection around 17 April !!!

Previously: China since 1 May, Arabia since 30 April

St. Gallen: ,visa est per tres menses” = ,observed for 3 months”
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(Neuhauser et al. subm.)



SN 1006 discovered mid April 1006 ?
=» Yemen: detected since 1006 Apr 17 £ 2

(high elevation, far south, mid April full moon)

Al-Yamant:

a star appeared from the east at half an hour after sunset

=>» Arabic observations mostly on new and full moon (lunar calendar),
e.g. “Ali b. Ridwan on Apr 30

=» East Asia:

- few reports since May 1, but solar eclipse expected end of May,
- guest star reported in the east for Apr 3,

- possible detection in Japan Apr 16 or 28,
- Important political meeting Apr 17,

- no reports / observations Apr 17-27,

- early monsoon in second half of April (?).

=>» St. Gallen observer must have started in April: for 3 months



SN 1006 als Typ la

SNR G327.6+4.6 bei hoher galaktischer Breite: 4.6 Grad !
Kein Neutronenstern gefunden

=» SN Typ la

Kein Reststern (roter Riese) gefunden

=» double-degenerate SN Typ la

Entfernung (des SNR): 2.18 kpc

Max V=-7.5 mag =» voll konsistent mit typischer la
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Historische Supernovae




Zusammenfassung -1-:

Arabische Texte verwenden verschiedene Worte fiir ,,nova*:
= kawkab (Gestirn) SN 1054
= athar  (Spur) SNe 1006 und 1054

(SN 1054: kawbak athari = Stern, der Spuren hinterlafit)
= najm (Stern) SN 1006

=» nayzak (Spektakel) SNe 1006 und 1604



Zusammenfassung -2-:

=» Arabische Berichte historischer Supernovae wertvoll
=>» Jahr, Jahreszeit und Sternbild der SN 1054 bestatigt

= SN 1006: - Position von ¢All b. Ridwan =» SN-Uberrest
- frihe Beobachtung um 17.4. (Yemen)
- weitere Punkte in Lichtkurve (YYemen)
- Position akurat (Yemen)

=>» Jahr und Jahreszeit der SN 1604 bestatigt,
zudem weiterer Punkt in der Lichtkurve

=» Weitere Berichte konnten gefunden werden,
Insbesondere von Vela Jr und Cas A (sowie Tycho und SN 1181)



Young nearbyNeutron Stars

Crab (Chandra) .
Frail et al. 1996 ApJ

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, if it was a normal SN at ~ 124 to
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.

De Martin.

Name Ref Period P-dot Ref  Distance Ref SNR Ref  Ape(a) Remarks
12000.0 P|s] [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 18 147 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 5-8e-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
SN remnant

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



Discovery in 44 Ti co-discovery with ROSAT CCO detected with Chandra
(lyudin et al. 1998 Nature) (Aschenbach 1998 Nature)

Given the 2 deg size,
the 200 to 1000 pc distance,
and expansion velocity,.

Roughly 700 yr only (lyudin et al.)



Historische Supernovae

Tahle 1

Historic supermovae n the last 2IH) yv. There ae several Galactic historic SN sightings since | 85 (sorted here by Gime), but no 5N sighting within 200 yr around AD 7745,

This listing shoows that SMe wemr observad before and after the AD 77455 event. Also, the SMBs Mela Irand Cas A ame lisied, beeause they were considered in M1 2 10 be possibly melaiad o
the AD TTHS event; at the end of the table, we list six more SMNRs, which should be related to meent SMe given the ages of the pulsars andfor SMRs; however, all those eight 5MRs are all too

distant for the AD 7745 event (if that were a normal SN at -~ 124 ped; Vela I is oo young given is expansion velocity

SN Loz ation Exi. Ao Peak magnitude Supernova remnant Mewtmn star SM type
Year o 7] [ mag] hist Equ (%) (i name d [kpe] age [kyr] Ret name d [kpc] age [kyr] Ref & Ref,
1857 Cen —50 [ETENE -2z —Ad 3214-1.2 50016 1.7-20 1.3 15135908 3.3-8.4 < 1.56 3-5 ool 11,2,0a)
2697 (b~ 65 < 2° 75
386 Ser—19 AT(3.4)TA8 ~ 20 (i 10 11.2-013 5006 (L4-3.4 I0-15 ] 1811-1925 < 233 1617 I, 1618
303 Sco—3n | ez | 0™ B2 | M7.30.5 1A 5) Le90 1923 | O00ic) ich ool 71
100G Lugp —42 032037 —T7.5 —2 =T | 3XT.6+14060 ZURE) 24-26 | none laidy 27
1054 Tan+ 22 ~ 1,138 —4.8% —Tto—3 | IBLG-5H 2.005) 09530210 2931 | 05342200  20-25 < 1.2 3233015 | ILCmhb32
1181 Cas +64 1ajn.2) ™ 07 —fn =2 | LT+ 2.9(3) 0.E87T0 AT | 205G 3275 < 537 13- IL2A041
1572 Cas + 65 2.26( 167 —4.5 —fito —5 20, 1+1 4 225016 ~adf ] 242 | none (Tycha's M) la. 43
1604 Oph =20 | a7 | =30 5310 -4 | 4568 3.4(3) e 4080 2,45 | none { Kepler's SN laie)
Onther young SMEs considensd in Miyake e al. 2001 2

e P00 | Wl —d6 | 308" — 1210 —3 | 266.2-1.2 (0.20-1 L B AT-50 | 000D (%ela I if ool T ATAS
- 1680 | Cas +58 1162649 (gl dmll 111.7-2.1 358 ~« 333 51,52 | OCO iCas A A3 [Tk, 54




