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A list is presented of 125 objects qualifying as stars that have suffered outbursts.
Possible supernovae and recurrent novae are discussed, including V603 Aql, GK Per,
the novae of 393 and 1600, the slow novae of 396 and of 1431, and the nova of 1006,

at whose site a bright stellar remnant of 9-10™ (IR Nor ?) should be located.

1. THE MATERIAL

The information available to us on ancient and
medieval outbursts is based on systematic obser-
vations conducted in Far Eastern countries and, in
individual cases, in European and Near Eastern
lands, Past and present investigators have made
varying use of this material [1-10]. With the ex-
ception of Williams and Brosche, however, none
of the authors seems to have been familiar with the
catalog of 717 comets and novae compiled by Pingré
[11], who, 63 years before Biot,already had at his
disposal translations of Ma Tuan-lin's encyclopedia
and several manuscripts, some of which were lost
soon afterward! [3].

Pingré's catalog is exceptionally valuable; it
includes phenomena not mentioned by later investi-
gators, and furthermore it reveals a most curious
fact; Of 125outbursts, fully 25 (not just 5-7, as is
generally believed) were also observed in Europe
and in the Near East. Cases occur where skimpy
descriptions of phenomena are supplemented by
European accounts, enabling the character of the
event to be established more accurately, However,
the European data often contain errors in dates and
definite anachronisms arising from a lack of sys-
tem in the chronicles, whereas the dating adopted
in the Chinese chronicles has received splendid con-
firmation from their descriptions of solar-eclipse
observations [13].

2. SELECTION OF PHENOMENA
To facilitate the study of ancient outbursts
we have compiled a list of objects that were called

unusual stars by the authors of chronicles or by
subsequent researchers and translators {14]. Des-
pite the detailed classification of these stars in the
Chinese chronicles, it is not always easy to dis-
tinguish accounts of comets from accounts of out-
bursts. In some cases a cross-comparison of
Chinese and European information is helpful; in oth-
er cases, various astronomical criteria can be used.

In their recent catalog, Xi and Po [8] utilize
not only obvious criteria (fixed stars were novae,
moving and extended objects were comets) but cri-
teria that are not adequately motivated. One cri-
terion is more stringent than necessary (regarding
as comets all phenomena in the zone of the ecliptic
or not accompanied by some indication of direc-
tion; regarding as novae "comets® that were ob-
served for six months, even though no comet has
ever been observed with the unaided eye for more
thanfour months), Other criteria that they use are
simply wrong. For example, the "sparkling stars"
(po-hsing) are considered to have been comets: as
specialists in the history of science, rather than
astronomers, Ho [7] and Xi and Po [8] are genuine-
ly mistaken in supposing that comets can be seen
with the unaided eye for a prolonged time sending
out rays from head to tail.

In analyzing the phenomena, estimates for their
duration are particularly important. The chronicles
give the observed duration or the date of the first

But specialists in comets were well acquainted with Pingré's
work [3, 12]; their catalogs actually contain elements of a comet
of 1006, the object that was in fact a supernova or nova.
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observation, The maximum duration is diminished
by inclement weather (in Southeast Asia the wet
monsoon prevails from April to September) and by
the season of daytime visibility. The first effect

is illustrated by Fig.1, which is a diagram of the
monthly number of first observations of phenomena
throughout 15 centuries, according to Ho [7], Fol-
lowing the dry season the number of discoveries
drops by one half, When the monsoon is relieved in
September there is a small rise in the diagram,

corresponding to comets and novae that had appeared

during the rainy season but were nowbeing observed
for the first time,

Cases where stars were observed in the day-
time are usually attributed to Venus., The circum-
stances of visibility can readily be examined by
means of Neugebauer's tables [15]. A nova would
have been detected not only at night but at twilight,
if observable then, because the only "star" of com-

‘parable brightness would have been the original twi-

light star, Venus, From Neugebauer's tables one
can also establish the "culprit" of an "assault" on
the moon, Usually the culprit is Venus or Jupiter,
or perhaps Spica or Regulus, which might not have
been recognized because of the disappearance of
faint stars making up the configuration of the fami-
liar constellations to which they belonged. The
discovery of comets at the time of an encounter
with the moon would have been considerably less
probable,

The distinctions between the visibility of novae
and supernovae are clearly demonstrated by com-
paring their mean absolute magnitudes 1\7LV and their
mean galactic z coordinates with estimates for the
apparent magnitudes my and the galactic latitudes
b of the outbursts (a, represents the absorption):

o z
mngu+av+51gTO'sli—nllzl—.

The mean values 1\7IV and z and the mean bright-
ness amplitude Ay are given in Table 1, alongwith

&
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Fig. 1. Monthly number of initial observations of phenomena
from A,D. 100 to 1600,

TABLE 1
m'l)
Object , z, pc 4,
b=90° | b=10°
f
SN I —19= { 2000 -7 —3= 20m
160 —13 —8
SN II —17 100 —12 —7 ?
Na —9 450 -1 3 14
Nc -7 450 1 5 12

upper and lower estimates for the apparent bright-
ness of each type of object. Evidently supernovae
at |b] > 10° would have been freely observable
during the daytime, Furthermore, one can calcu-
late from the light curves of novae and supernovae
the length of time that an outburst can be observed
during the day and at night as a function of the ap-
parent magnitude at maximum (Mayall and Oort
[16] investigated the 1054 outburst in this manner).
The actual period of visibility would usually have
been shorter, not only for the reasons mentioned
above,but alsobecause an outburst would not have
been discovered until near maximum if its ap-
parent magnitude was brighter than 2™, whereas
after discovery the star would have been followed
until it disappeared at 6™ (see Fig. 2). The length
of time a nearby supernova was observed is an
important criterion, serving to distinguish it from
fast novae when analyzing ancient observations,

A valuable auxiliary criterion is the color of
the outburst [17, 18]. An inspection of Ho's catalog
[7], which contains 102 color estimates, shows the
predominance of a white color reported for comets

Vmaz
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Fig. 2. Duration of observation of nearby galactic novae and
supernovae, Ordinate, apparent brightness at makximum; ab-
scissa, length of visibility At in days. a) Duration of daytime

visibility; b) duration of night visibility.
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TABLE 2

N " s " Catalog N Re- |Phenom-
a e
o, Yean;,mn . Type atalog Nos, gion | enon
1 |BG.2296 — —| -1 2 |P c | N?
2 |BC 2241 — —| — ] s |P C |sNe
3 '[BC 1400: 164 —30°f 57 | S | X1 Ti—2 H1 C N
4 [BC 532 IV: 21 —10| =+ | S |X2T3H6P C N
5 [BC 525 I: 64 —30| + | P |HTW2 P C N?
6 [BC134VII 7: {16 —25| 4 | E | X4 T6 L1 H40 W31BP| CE [ N
7 [BC 108/7 74+ 42| % | P |X5H4 W35 P . C N?
8 BC77 X1 1: |1l: 48| — | E | X617 L2 H5 W38 B| C N
9 [BC 76 V 26: 14+ 4+25| 4+ | ¢ | T8 L3 H51 W39 C N
10 IBC69II14 |18 —20| — | P | TO H52 W44 C N
11 [BC 41123 {20 10| —- | P | X9 H64 W53 P CKP| N
12 |AD 29 17+ $10| — | E | X10 T12 H67 C N
13 59 Vviea | 3 45| + [ P |He K | N
14 711 5 [10: 410:| 48 | E |TISL7H79B P C N
15 101 X1130 |10 42| — | Eby| Ti4 L8 Hs8 : C N
16 1071X 13 | 7 —10| 4+ | E | X12 TI5 L9 H9 B C N
17 125 XI127: [ 184+ 0| — | E | X13T16 L10 H94 B C Nd
18 185 XII 7 | 144+ —60 | 225:| E v| X15 T17 L12 H109 C SN?
W76 B.
19 193 1V - T E N
20 200 XI 6 4 420 — | P | Xi16 H1l5 W81 P C N?
21 2131 24 7 430 — | P | XI18 HI20 W85 P C N?
22 269 X 270 | TauWei | — | p | XI9HISP CK | N?
23 2751 28 12—20 | — | p | X20 Hl46 WI07 P C N?
24 20V 21: | Tzu-Wei | 4+ | E | X2l 11;19 L14 H155 C N
Wil5
25 300 IV 20: S + | o | T20 Li5 HI58 W117 C N
26 04VIL4: | 4415 | 4+ | E XZV%”T2§18L16 H163 C N
27 369 IV 8: Tzu-Wei | 140 E | X24 T24 L17 HIT4 C N
Wi132 B
28 386 IV 30 | 19 —30 9: | E | X25 T2 LI18 H177 c N
Wi34
29 393 IIT 14| 17 —40 20| E X%% '526 L20 H179 c Nd
136 B :
30 396 VIII 5 4420 |+150 | H y| X27 T27 H182 C N
31 398 — — | — | s P E N?
32 414 VII 20 | 3+ 420 — P | X28 H187 C N?
33 419 11 17 [ 11 415 — P | X29 H192 W142 P CK | N?
34 42111 3|11 —15 | — | ® | X30 T28 HI194 P C N
35 436 VI 21 |16 —25 [ 1 | P | X31 T29 HI9 P C N
36 4371 96| 70 +20: | — | Sy | X32 T30 H200 C N
37 537 11 Tau-Wei | — | E° | T3l H220 c N
38 541 I1 5: Tzu-Wei — E X33 H222 P CE N
39 561 IX 26|11 —I5 | — | E | X34 T32 L2l H224 c N
W164 B
40 575 IV 27 |14 420 | + | P | X35 T34 H231 WISTP | C N
41 588 XI 22|20 —20 | — | p | X36 T35 H285 W19 P | C N
49 617 VII 23 | 114- +16 | 45 | P ry| H24l W174 P C N
43 668 V. 31| 5 450 (492 | H | X37 T38 H252 CK | SN?
44 6831V 20| 5 450 | 25 | H x%% 1’1;3:;9 123 H257 CK | N?
. P :
45 708 VII 28| 3 425 | 4 | P | X39 H 262 WI89 P c N?
46 709 IX 16| Tzu-Wei | — | P | X40 H263 W190 P C N?
47 722 VIIL 19| I 460 | 45 | E | X4i T4l H266 I N
48 725 11 11 | 14 470 — | P | X42 T42 H267 J N
49 745 1 8| I —I10 | 392 | P | X44 T43 H2TIl P IE | N?
50 823 11 19 SW 3 | P | T4 H286 J N?
51 829 XI 15: 8 410 | — | E | T46 L25 H288 W203 B | C N
52 8371V 29| 7 +10 | 23 | E >§345 126 H201 W206/8 | CJE | N
53 87V 3!12 410 | 70 | E | X46 L27/8 H291 W207/9| C N
. B
54 837 VI 26|18 —25 | + | P | H291 Wai0 C N?
55 839 II1 12 34 440 | 10 | H | T47 W2i5 P c Nd
56 8811 18] 84 +20 | — | E | X48P CE| N
57 | 891V 11 |16+ —20 | + | E | X49 T51 H313 J N?
58 | 894 VIII 11: o+ =2 + ? | H 317 G N
59 | 902II 25: | 0 470 | 350: |[E ry?| X50 T54 H320 B CE | sN?
(X-1II L3I p}{
60 [ 9IVI 14 (174 +10 | 4+ | E w | X51 T55 130 H324 B c N?
61 | 930VI 23 —20 [80+ | E | T56 H329 JE | N
62 | 965V 12 | — —| — | E |H343 K N?
63 | 980V 174+ +10 [4100| S | X52 K | N
64 | 10061V 3 |15 —45 | 220 | E v | X53 T57 L33/4 H356/7 [CKJAEl N
B P (X-IIT45 L24 P)
65 | 101111 8 |19 —30 | — X54 T58 L35 H358 B G N
66 | 10201 26 | 174 —5 | — X55 H363 K | N?
67 | 1031X 4 | 84 420 | — X56 P KE | N?
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Table 2 (continued)
) Year, month, Re~ |phenom-
o
No, day 8 At |Type Catalog Nos, gion enon
68 | 1054V 20 5+ 420 670 | E rw| X57 T60 L36 H375 B CJ SN
69 | 1070 XII 25 3 45 — E T62 L37 H382 B G N
70 | 1073 X 9 0 410 — E X59 H383 K N
71 | 1090 III 31 SE 4 SW — .| SS | H388 K N?
72 | 1104 — —_ - S P E N
73 | 1113VIII15 |23 420 4 P | X60 H394 K N?
74 1 1123VIII 11 |12 60 + P | X61 H 395 K N?
75 | 1139III 23 {14 —10 —_ E | X63 T65 L39 H404 B C N
76 | 1175VIII 10 [ 14 440 46 | P r? | X64 T66 H413 C N
77 | 1181 VIII 6 1 465 |4185 [ E by| X65 T67 H415 B P CJE | SN?
78 | 1203VII 28 | 174+ —40 | +410 | E bw| X66 T68 L40 H419 B C N
79 | 1210111 12: Tzu-Wei — E r | H420 : C N?
80 | 1217 16 4-30 10 S P E N
81 | 12201 25 0 450 — |H ¢ | H22 K N?
82 | 12211 10: | 12 160 —_— P X67 H424 KE N?
83 | 1230 XII 15 | 184 420 105 | H | X69.T70 L4l H428 B P| CJE | K.
84 | 1234X 30 | — — ] - E H430 J N?
85 | 1240VIII 17 | 174- —40 | 4 E X70 T73 H433 C N
86 | 1245VII 25 [ 21: —20: 40 Sr | X-IV E N
87 | 134911 3| — —_] = E H458 J N?
88 | 1388III 29 0 420 | ? S X72 T77 L43 H482 Cc N
’ W348 B
89 | 1397 XI1 25 | — — E H485 J N?
90 | 1404XI 14 |20 430 — | Sy | T78 H490 C N
91 1408 VII 14 | — —_ E H492 J N?
92 | 1414IV 8 | — —_ - S HA493 P JE N?
93 | 14151X 17: | 19 —25 — H X73 H494 C N?
94 | 1416 VII 29 | — - - 0 H4%B P JE N?
95 | 1421 XII 27 | — — - E H498 J N?
96 | 1430IX 9 74 10 26 Sb | X74 T79 L44 H500 CJ N
W349 P B
97 | 14311 4 —10 | 1164|S wy | T80 L45 H502 W35! C N
98 | 1437111 11 17+ —40 14 E X75 H508 K N
99 | 1438 III 16 — E H509 J N?
100 | 1452111 21 4+ +15 — P X76 H515 W310 B P CE N?
i01 | 1460111 8 7: —10 - S X77 v N
102 | 146911 26: | — — E H527 J N?
103 | 1471V 20 | — -] - E H529 J N?
104 | 147611 10: | — -] — E H531 J N?
105 | 1482 VI 30: E +30| S H533 J N
106 | 1528 VII 27: |Thien—Shih{ 4- P X78 H543 W324 B C N?
107 | 1572X1I 8 0 460 | 485 E X79 T82 H565 CKE| SN
108 | 1584VII 11 |16 —20 3 S X80 T84 L48 H572 C N
W367 B
109 | 1592 XI 28 1 —10 | 450 E X81 H577 KC M
110 | 1592 X1 30 1 +60 100 E X82 H577 P K SN?
111 1592 X1I 4 |23 62 E X83 H577 K | N
112 | 1600 VIII 24 =P C — S X-VI E N1
113 | 1600 XII 14 | 174 — 22 | E yr| X84 H 581 K Nd
114 | 1604 X 9 | 174 —20 | 365 | S yr | X85 T85 L49 W368 B | CKE SN
115 1612 Antinous —_ S L51 E N
116 | 1618X1 15 | — — | 19 | S w|L52 W37l B C N?
117 | 1621V 22 E — | Sr | T87 L53 W372 c N?
118 | 1645111 13: 84 420 | — S | X86 K N
119 | 1661 XII 27: 21 —10 | — S | X871 K N
120 | 1664XI 3: 174 —-20 | 230 S | X88 K N
121 | 16671V 18 |=V 529 Ori| — S |Ls4 E Nd
122 | 1670VI 20 |=CK Vul — S | X-VII E N
123 | 167611 18 4 -5 — E w | X89 T88 C N
124 | 1688 XI 2 1 430 | — E w | T89 C N
125 | 1690 XI 29 18 =35 2 Ey [X;90 T90 C N

and fast novae, but yellow and red for supernovae

and slow novae, Supernovae are actually white at ous degrees of confidence, Table 2 presents a

catalog of these outbursts, some of which will be

the epochof maximum, but three tofour weeks later discussed further. Successive columns give: 1
their color changes to yellow and red. The reports of a serial number: '2) the year and date ofg11:¥1 : ut)
several colors for southerly outbursts may, in- burst. with the fi’rst 11 dates being B. C afl do ';h
cidentally, be ascribed to a}tmospheric dispersion a colc;n designating a date of low agc c1;r ac’y @ ;;v41
of the source near the horizon. days); 3) the celestial coordinates of the phenom-
3. THE CATALOG enon, to an accuracy of order + 10° [19], with

- From the indicators described above we have a given to the nearest half-hour (3 half-hour in-
been able to discriminate 125 outbursts with vari- crement is denoted by a plus sign); 4) the dura-
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tion At of the phenomenon in days (here a plus
sign indicates that the rainy season might have
shortened the duration); 5) the classification of
the phenomenon according to the original source,
and its color (S, a star; P, a "sparkling star";

O, an "ominous star"; E, a "guest star"; H, a
"broom star"; b, blue; y, yellow; r, red; v, vari-
able in color); 6) the number of the phenomenon
in various catalogs (X, Xi and Po [8]; T, Hsi [6];
L, Lundmark [5}; H, Ho [7]; W, Williams [3]; B,
Biot [2]; P, Pingré [11]; 7) the region from which
the phenomenon was observed (A, the Arab East;
C, China; E, Europe; J, Japan; K, Korea; P,
Palestine; V, Viet Nam); 8) our classification of
the phenomenon (SN, a supernova; SN?, a possible
supernova; N, a nova; Nd, a recurrent nova; N?,
a possible nova; M, a Mira star, in this case Mira
itself, o Ceti).

4, SUPERNOVAE

Nonthermal radio emission from expanding
gaseous remnants is regarded as evidence for galac-
tic supernovae, Only four of these have been found:
the Crab Nebula of 1054, Cassiopeia A (1677 ?; out-
burst not recorded), Tycho's supernova of 1572,
and Kepler's supernova of 1604, However, out-
bursts whose optical characteristics resemble su-
pernovae have been observed considerably more
often. In such cases either: 1) one type of super-
nova does not have radio-emitting remnants, or 2)
nearby novae have been observed.

In the first interpretation, suspicion falls on
type I supernovae, since the resemblance between
their light curves and those of the galactic super-
novae is not an adequate criterion (similar light
curves are also observed for type II supernovae).
Instead, the diversity in the properties and shapes
of known supernova remnants corresponds more
closely to the photometric and spectroscopic di-
versity of type II supernovae, However, this first
interpretation is unpromising, because from formal
evidence supernovae can experience outbursts of
all kinds,

The second possibility imposes a severe con-
dition on the identification of outbursts: an agree-

ment between the ages of an outburst and the cor-
responding supernova remnant (the age of the

remnant is usually estimated from the character-
istics of its expansion or its radio emission [20-
22]). Otherwise,one could merely establish an
agreement between one or several objects and the
neighborhood of the outburst. Many attempts at
identification have proved unsuccessful because of
this circumstance, In particular, from the out-

27

set, correlations of outbursts have been sought
with hot stars, planetary nebulae, and thermal ra-
dio-emission sources [6, 8, 23]. Identifications
with radio nebulae also have not lasted for long,
as the nebulae have been found to be far older than
the outbursts identified with them [6, 8, 23, 24].
The discovery of arelationship between pulsars
and supernovae has likewise stimulated a series
of identifications with outbursts [25], but here too
nothing has been added. The rate of change P/P in
the logarithm of the period of a pulsar is propor-
tional to its age [26]. The oldest pulsars have
proved to be far longer lived than supernova rem-
nants. Pulsars have been discovered, properly
speaking, in only two remnants: the youngestknown,
in the Crab Nebula; and the next youngest, in Vela
X, although the age of the second pulsar, 12,000 yr,
is considerably smaller than the age of Vela X [27],
which is estimated from the radio emission at
30,000-50,000 yr. Apart from the standard explana-
tion of the disparity we should point out that the
(P/P, P) diagram (the age—period relation for pul-
sars), which is shown in logarithmic form in Fig, 3
and indicates that the age of a pulsar is propor-
tional to the cube of its pulsation period, exhibits a
real scatter, and the true age of a pulsar, as esti-
mated from P/ P, should fall within this dispersion.
The scatter exceeds the disparity found between the
ages of pulsars and supernova remnants, an effect
which may be explained by the low accuracy of the
method for estimating the age of a pulsar, The
pulsar third in order of age, MP 1449, occurs in
the neighborhood of the outburst of A, D, 185, but
cannot be associated with it, as the pulsar is older.
Table 3 assembles the outbursts observed for
more than 100 days or identified with supernova
remnants, or being givenoptical identifications now;
the indisputable supernovae of 1054, 1667?, 1572,
and 1604 have been omitted. In addition to the no-
tation introduced in Table 2, H II here represents
an ionized-hydrogen region; NT, a nonthermal
galactic radio source; SNR, a supernova remnant;
ERS, an extragalactic radio source. The custom-
ary nomenclature has been adopted for the catalogs.
Six supernova remnants have been identified
with outbursts, but reliable estimates of their. ages
and distances are not yet available (our previous
estimates [31] by Harris' method [38] are now
obsolete). Some of the remnants may prove older
than the outbursts attributed to them, while the out-
bursts themselves might be nearby novae, Fur-..
thermore, according to Ho [7] the outburst of 1230
coincides with a comet of that year.
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TABLE 3
Obsolete identifica- | Type |Present igentifica- b 5
i j tions with vari- Q9
e * coler ?:dmso::t:ﬂelsnebmae gibula ables and super- E‘:S-'
nova remnants
77BC| — NGC 3587 [6] HII N
i 35 Nl | M ;
N
}gg AD i — el — | v603 Aql [28] Nd
185 295: v Cen B [24] - NT PIf?s5 ]143%2 SN?
369 140 a) Cas A [29] SNR [Obsolete N
b) Abell — 72 [23,916 24 1}113
386 90 BSS 23=3C 396 [2
150 IC 4637 [6] HII = Nd 1600 N
ggg 200 v e — IN (DQ Her Nd
. gépe) N
437 —_ y |a) 2I(} 443 = CTB-20 {6, NT solete
8, 25
b) Sharpl — 34 = CTB47] NT "
25]
561 - NGC 3242 [6] HIL N
668 +22 CTB-13 [8] NT |Doubtful SN?
683 25 HB-9 = CTB-14 [8] NT |Obsolete N
722 +5 Sharpl-188 = CTA-1 NT " N
3 HII §
829 - Abell-16 [23]
837 a) IC 443 = CTB-20 [30]| NT "
b) Sharpl — 275 = HII
=2 N T I I 4
. a arpl-
202 350 ry R
25, 31}
NT b) HB-3 [25] N
1006 220 v la) Sco A [24]
, b) PKS 145941 [32] NT  [See text N
1181 +185 by , SNR |HB—3
a) NGC 4637 [6] HII X
1203 +10 bw F)] Sharpl-51 = CTB-37 ERS [[33]
8
¢) CTB-35 [34] HII |[371
1230 105 ) :ch:) 31536 6[312;3 35, 36] ?ﬁ‘f‘ Comet [7, 41] 115 _
b -1
{23(1) 1%(65+ wy ° 12 — N (DQ Her type) 1}1‘1
1437 14 CTB-35 [191 HII 5)37(1;et N
1592 450 —
1592 100 Cas A [9] SNR {Doubtful 1\}“;
1600 224 | yr . — Nd =N 393 ik
1664 230 -

Fig. 3. The relation between age
(< P/P) and period for pulsars. .

5, NOVAE
It is particularly interesting to investigate re-
current novae, The unaided eye can observe novae

within a radius of about 0.5 kpe, so that their dis-
tribution over the sky, apart from selection effects,
is of trivial character, However, Hsi [6] has found
places in the sky where several bright novae have
appeared. If they were all different novae, then
their spatial relationship was unusual, for no such
tendency has otherwise been discerned in the space
distribution of novae (but the ancient observations
do cover more than 2000 years, and modern obser-
vations only about a century). Still, a recurrence
of nova outbursts seems more probable., But Xi
and Po's attempts [8] to associate the recurrent
outbursts of 204 B.C, and A.D, 575 with AB Boétis,
the outburst of 4 B.C, with V500 Aquilae, and the
outburst of A.D, 1020 with RS Ophiuchi were naive
(in our times these novae have exhibited outbursts
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¢ _.° L RS A
40 7 w0 s 1w 100 2000

Fig. 4. Diagram of the number of cases per century where novae

or supernovae brighter than 2™, 5 at maximum were observed, The
arrows designate centuries having a minimum number of such ob-

servations,

of low brightness and could not have been respon-
sible for the far brighter flares of the past). Nor
have our contemporaries found the "triple® out-
burst of A, D, 29, 911, and 980.

It is more justifiable to search for former out-
bursts of novae which have shown bright flares
in our day, such as V603 Aquilae, GK Persei, and
CP Puppis. Two outbursts have in fact been de-
tected in the neighborhood of V603 Aql and one oth-
er in the neighborhood of GK Per [28], although in
the vicinity of CP Pup, whose location is incon-
venient for systematic observation, and in the
neighborhood of novae fainter than these, no out-
bursts have been found,

The "cross" observations of the event of A.D,
125, which was recorded in China and also in the
Roman legend about the death of Antinous, corre-
spond accurately to the site of V603 Aql, and the
outburst of 1612 was also associated, less definite-
ly, with Antinous. If in accordance with the latter
date we adopt a cycle of about 300 yr between out-
bursts, and if we regard V603 Aql as a typical nova,
then we obtain several statistical inconsistencies:
1) The number of ordinary novae in the Galaxy be-
comes three times too low; 2) with so short a
cycle, recurrent outbursts should be so numerous
that repetitions would easily have been recorded;
3) a histogram for the number of observations of
novae and supernovae brighter than 2 5 at maxi-
mum from century to century (Fig. 4) has four
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minima, separated by an average interval of six

centuries, so that the cycle between outbursts of
typical novae could not be much shorter than 600
yr, for otherwise the distribution in Fig. 4 should
be considerably more uniform. Accordingly the

1612 outburst does not appear to have been asso-
ciated with V603 Aql.

In Table 4 we summarize the data on the re-
current novae known at the present time, as well
as V841 Oph, for which a flare may be expected,
judging from the amplitude, sometime during the
20th century. These data have been taken from the
variable-star catalog [14], and for V841 Oph and
V1017 Sgr, from [39]. The labels for each column
are self-evident, The amplitude —cycle relation
inferred from Table 4 has the form (Fig. 5)

A4=30-+3.23 1gC,

where C represents the cycle in years, Note the
small scatter in the amplitudes of the short-cycle
(ordinary) recurrent novae., It would be difficult
on the basis of these stars to extend the relation
to the region of typical novae (long-cycle recur-
rent outbursts),

Apyg
nh

GRPer

VA

|-

1
7wl

Fig. 5. The amplitude —cycle relation for recurrent novae.

TABLE 4
m ) lMean m L
idmini- |2.% . R = - £
Nova maxi-{ mini- q, o [cycle Nova |maxi-| mini-~ E* CHERES
mum | mum 5 B Py mum [ mum |4 3 Ean;
VY Aqr 8m0 | 16m6p | 8m6 | 550 || U Seo 88 | [17.6p |[68 | 366
T CrB 24 li4p | 90 | 79.7 || V603 Aql |—1.1 108p { 129 | 1793
RS Oph 5.3 123p | 70 | 30 GK Per 0.2 130p | 12.8 | 1062
T Pyx 7.0 145p 7.5 | 19.1 f| AD383 0 ? ? 1207
WZ Sge 7.0 155p | 85 | 326 || V 8410ph 4.2 13.1v 89
VIol7Sgr | 72 | 144p | 72 | 175
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On the whole, the recurrence of outbursts with
a negligible mass loss per flare would not con-
flict with current ideas regarding novae, but re-
current novae having short cycles do exhibit cer-
tain spectroscopic peculiarities, These evidently
are associated with the small flare amplitude and
are nota necessary indication of recurrence. Among.
the short- and long-cycle novae, both fast and slow
novae occur, as well as giants and dwarfs, judging
from the luminosity at the minimum phase. The
diagram for the relation between fading rate and
amplitude (Fig. 6) suggests a probable connection
between these parameters: The longer the cycle of
the nova, the steeper the relation mentioned, But
the material is insufficient to permit quantitative
conclusions,

A study of the bright outbursts listed in Table
4 is rich in surprises. Thus, in 1600, at a fairly
definite place in Scorpius, the outburst of 393 was
evidently repeated (a fact not mentioned by Hsi [6],
or Xi and Po [8]). The star was brighter than An-
tares (that is, ~0™), and evidently the flare was
a prolonged one (in 393 it was observed for 200
days). Thus the mean fading rate was ~ 0™ ,03/day,
and the cycle was w1200 yr (hence the amplitude
was 13™); this former nova should therefore be
sought among 13™ stars,

In 396 and 1431, novae were observed with
deep minima during the transition phase of the light
curve and were far brighter than the familiar pro-
totype of such novae, DQ Herculis, A detailed com-
parison with the light curve of DQ Her suggests
that the maximum of the 396 outburst occurred
during the rainy season (—2M), and if we adopt an
amplitude of 13™, we should seek a star of 11
at its site, perhaps with signs of being an eclipsing
variable, We might mention that the region con-
tains, for example, the little-studied variable GR
Tauri, 10™,5, A9, P = 0,47 day. An analysis of
this variable would be very important, A similar
discussion can also be made for the 1431 outburst,

Was the outburst of 1006 studied by Goldstein
[10] actually a supernova? As a supernova at b =
8°, it should have been brighter than —2m and have
been observable for 10 months, Comparisons of
its brightness with the half-moon (—10™ or —8M)
are not realistic, as the phenomenon was not re-
ported to have been visibleinthe daytime for four to
eight months. The maximum brightness of the out-
burst was described by the following estimates:
April 28, bluish white; May 1, like Mars (—111 8);
May 6, like Venus or brighter, with objects casting
shadows (—3™,5); and by the end of May, again like

P. PSKOVSKII

Mars. I the maximum brightness was —3M 5 the
distance to the supernova would have been 10 kpc
and the height above the galactic plane 1.5 kpe. In
order to interpret the faintness of the radio source
that may possibly be identified with the 1006 super-
nova, one must resort to conjectures [40], On the
other hand, if the outburst was merely a nova, then
an eclipsing variable of 9-10" should have been
left behind. According to Goldstein's position
(15h40™ & 10M, —44°.4 + 2°, 1900), the variable
IR Normae is nearby (15241585, —43°47", 1900;
9.0-9™m .5, A3; HD 141080). An examination of its
resemblance to an old nova could prove very in-
teresting, as it would be the closest and bright-
est object of that type.

Several outbursts in the polar region of the
sky are poorly localized because of the uncer-
tainty of directions. But even here there are op-
portunities for analysis. For example, the 369
outburst was seen for 140 days, but no claim had
been made that it was visible in the daytime, nor
were there comparisons with the brightness of the
planets, Hence it would have been no brighter than
0Mm, and according to Table 1 it should have been a
fast nova,

One other curious fact is an observation on
1592 November 28, in the constellation Cetus, of
the celebrated variable Mira, four cycles before
its discovery by Fabricius on 1596 August 13, Its
average cycle is 332 + 30 days, and its computed
mean maximum would have occurred in mid-De-
cember, 1592, with an uncertainty of about one
month, Mira was apparently observed during
the dry season on the next cycle also, and its dis-
appearance on the 450th day took place during the
minimum phase, :

There can be no question but that the discovery
of new historical materials could permit further
refinements in the classification of outbursts and
of comets, and could afford a basis for searches
for nova and supernova remnants,

A .
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S e o ° o Fig. 6. Relationbetweenam-
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vae; 2) ordinary novae,
4 7 / Z
Lg 0m

© American Institute of Physics * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1972SvA....16...23P

SRR (c I ic]

iy

[mer28y

1.

2,

7.

8.

10.
11.

12.

13.

14,

15.

16.

i1,

PRETELESCOPIC STELLAR OUTBURSTS

31

LITERATURE CITED

A von Humboldt, Kosmos, Vol. 3, Stuttgart,
(1850), p. 220.

E. Biot, Connaissance des Temps pour 1846,
Additions (1843), pp. 44, 60, 69 (Catalogue

des Etoiles extraordinaires observées en
Chine).

J. Williams, Observations of Comets .,. Ex-
tracted from the Chinese Annals, London (1871),
E. Zinner, Sirius, 52, 25, 127, 152 (1919).

K. Lundmark, Publ, Astron, Soc, Pacific, 33,
225 (1921).

Hsi Tse-tsung, Acta Astron, Simca 3, 183
(1955); Smithson, Contr. Astrophys., 2, 109
(1958).

Ho Peng Yoke [Ho Ping-yii], Vistas in Astrono-
my, 5, 127 (1962).

Xi Ze-zong and Po Shu-jen [Bo Shu-ren], Acta
Astron, Sinica, 13,1 (1965) [NASA TT F-388
(1966)]; Science, 154, 597 (1966).

P. Brosche, Sterne und Weltall, 6, 198 (1967).
B. R. Goldstein, Astron. J., 70, 105 (1965).

A, G, Pingré, Cométographie ou Traité His-
torique et Théorique des Cometes, Vol, 1,
Paris (1783).

S. K. Vsekhsvyat-skii, Physical Character-
isties of Comets [in Russian], Fizmatgiz, Mos-
cow (1958) [NASA TT F-80 (1964)].

F. K. Ginzel, Handbuch der Mathematischen
und Technischen Chronologie, Vol. 7, Leip-
zig (1906).

B. V. Kukarikin, P, N, Kholopov, Yu. P. Pskov-
skii, et al., General Catalog of Variable Stars
[in Russian}, 3rd ed., Vol. 3 (1971), pp. 5, 53.
P. V. Neugebauer, Tafeln fiir Sonne, Planeten
und Mond nebst Tafeln der Mondphasen fiir die
Zeit 4000 vor Chr. bis 3000 nach Chr., Leip-
zig (1914).

N. U. Mayall and J, H, Oort, Publ. Astron, Soc.
Pacific, 54, 95 (1942).

R. Minkowski, Ann, Rev, Astron, Astrophys.,

18.
19.
20.
21.
22.
23.
24.
25,
26.
27,
28.
29.
30,
31.
32.
33.
34,

35.

36.
31.
38.
39.

40,

4.

2, 247 (1964).

B. R. Goldstein and Ho Peng Yoke, Astron, J.,
70, 748 (1965).

T. Kiang, Nature, 223, 599 (1969).

I, S, Shklovskii, Supernovae, Wiley (1968).’
Yu. P. Pskovskii, Astron, Zh., 40, 23 (1963)
[Sov. Astron,—Ad, 1, 17 (1963)].

K. Aizu and H. Tabara Progr. Theor, Phys.
(Japan), 37, 296 (1967).

B. A. Vorontsov-Vel'yaminov, Astron, Tsirk.,
No. 211 (1960).

I. S. Shklovskii, Astron, Tsirk., No. 143(1953).
C. S, Shen, Nature, 221, 1039 (1969).

T. Gold, Nature, 218, 731 (1968).

L. S, Shklovskii, Nature, 225, 252 (1970).

Yu, P, Pskovskii, Astron, Tsirk., No. 606, 5
(1971).

I. S, Shklovskii and P, P, Parenago, Astron,
Tsirk,, No. 131 (1952).

V. F. Gaze and G. A. Shain, Astron, Zh,, 31,
409 (1954).

Yu. P. Pskovskii, Astron, Zh., 40, 654(1963)
[Sov. Astron,—AdJ, 7, 501 (1964)].

F. F. Gardner and D. K. Milne, Astron, J.,
70, 754 (1965).

D. K. Milne and E. R, Hill, Austral, J. Phys.,
22, 211 (1969).

L. E. Braes and J. W. Hovenier, Bull, Astron,
Insts. Netherl., 18, 294 (1966).

Yu. P. Pskovskii, Astron. 7h., 42, 683 (1965)
[Sov. Astron,—AJ, 9, 526 (1965)].

C. D. Mackay, Astrophys. Lett,, 5, 173(1970).
D, K. Milne, Nature, 224, 891 (1969).

D, E, Harris, Astrophys J., 135, 661 (1962).
C. Payne- Gaposchkln The Galactm Novae,
North-Holland (1957).

A, Poveda and L. Woltjer, Astron, J., 73,

65 (1968).

S. van den Bergh, Astrophys. Lett., 7, 107
(1970).

© American Institute of Physics * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1972SvA....16...23P

