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ANCIENT RECORDS AND THE CRAB NEBULA SUPERNOVA

By Kenneth Brecher
Department of Astronomy, Boston University
and
Robert A. Fesen, Stephen P. Maran and John C. Brandt
Goddard Space Flight Center

Established and suspected records of the guest star of
A.D. 1054 and their relationship to the Crab Nebula supernova
event are discussed. The well-known Suzhou (Soochow)
star map appears to depict the guest star and to show it in the
correct orientation with respect to { Tauri (i.e. northwest), a
circumstance that has been generally overlooked in the West.
Thus, there seems little reason to doubt the standard inter-
pretation, that the guest star was in fact the progenitor of the
Crab Nebula. A European account, proposed as a possible
record of the A.D. 1054 guest star, is interesting, but not
convincing. The fragmentary information concerning the
light-curve of the guest star as deduced from the oriental
records does not itself determine whether the event was a
Type I or a Type 1I supernova, and in fact is not inconsistent
with the light-curve of a slow nova. (It has recently been
claimed that the guest star was a nova and hence not associated
with the Crab. In that event, however, the old nova would
have been readily detected in X-ray sky surveys, but it has
not been found.)

The identification of the present-day Crab Nebula supernova remnant
as the result of a supernova that occurred in Taurus on or about 1054 July 4
has been reviewed previously»2. While the preponderance of the evidence
supports such an association, discrepancies in Chinese and Japanese reports
of the dates of appearance of the ‘guest star’ and of its location with respect
to the bright star called T’ien-kuan by the Chinese (and identified with
{ Tauri) have led some authors?4 to question the association.
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Europe and the Near East. In addition to the questions concerning the
putative oriental records of the Crab supernova, it has been a persistent
puzzle that such a brilliant event is absent from the astronomical records of
other cultures. Reasons proposed for the absence of contemporary references
to the Crab event in Europe and the Near East have varied widely. The
historian of science George Sarton remarked’, “The failure of medieval
Europeans and Arabs to recognize such phenomena was not due to any
difficulty in seeing them, but to prejudice and spiritual inertia connected
with the groundless belief in celestial perfection.” Nonetheless, there are
both European and Arabic records of the supernova that occurred in A.D. 1006,
which is thought to have been about three to four magnitudes brighter than
the A.D. 1054 event. A few months of persistent bad weather would have
greatly reduced the chances of the event being noticed in Europe, and more
than one author has offered this as an explanation for the absence of such
records. For example, in a fanciful weather report for 1054 July, prepared by
scholars® interested in the history of the guest star and the Crab Nebula, we
read, “‘Chinese weather: Manchuria, Central China, Korea and Japan will be
sunny and bright and all clouds will disappear by sunset. The night will be
exceptionally clear—a good night for having guests visit. European weather:
All of northern Christendom will be subject to early evening Aurora Borealis
with intermittent rain and meteors. In the south, late afternoon comets will
give way to cloudiness and storms by evening. Otherwise, the heavens remain
unchanged and unchangeable as they have since creation.”

A more likely explanation for the lack of widespread European reports of
the A.D. 1054 event was offered by Zalcman? and by Thomas8, who ascribe it
to the Great Schism, which split Christianity into the Roman Catholic
Church in the West and the Orthodox Church in the East. The immediate
events leading to the split occurred during 1054 July 16-24. Zalcman and
Thomas suggest that church fathers would naturally have chosen to ignore
the celestial event, rather than taking a chance on its misinterpretation as a
portent. Political necessity rather than ideology (or failure of observation)
is offered as the cause for the absence of such reports.

None of the above explanations is very satisfactory. Indeed, it is gratifying
that a probable report of the A.D. 1054 event, by an observer in the Near East,
recently came to light®. Ibn Butlan, a Christian physician from Bagdad, who
lived in Cairo and then in Constantinople between A.D. 1052 and 1055 was
reported (Fig. 1) in 2 book by Ibn Abi UsaybiCa (composed around A.D. 1242)
to have written: “One of the well known epidemics of our time is that which
occurred when the spectacular star (athari kawkab) appeared in Gemini in
the year 446 H.” (1054 April 12-1055 April 1). The internal details and
consistency of the report identify the location of the star in Taurus (with the
then-astrological sign of Gemini) during the early summer of A.D. 1054, in
good agreement with the oriental reports*.

There have been some recent developments in the quest for European
records of the A.D. 1054 event. In Medieval Chronicles and the Rotation of the
Earth'%, there is an entry for the year A.D. 1058 under the heading of “Mis-

*Ibn Abi UsaybiCa mentions that Ibn Butlan died childless and unmarried, and
hence had composed the verse, ‘“‘Nobody will lament my death, when I die, save my
medical companions and my books which are left lamenting.” Perhaps none would be
more surprised than Ibn Butlan at the niche he now occupies in astronomical rather
than medical history.
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Facsimile of text page 242, Vol. 1, of CUyin al-Anbd’ by Ibn Abi UsaybiCa,
with an account of a spectacular star seen by Ibn Butlan and identified as the
Crab Nebula supernova by Brecher et al.?
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cellaneous Astronomical Observations” that reads, “‘Rampona, a bright light
within the circle of the new moon”. Williams? suggests that this may be a
European record of the guest star observed in the Orient in A.D. 1054 although
he also asserts that the event in question was a nova rather than a supernova
and that it was not the event that produced the Crab Nebula. One of us
(K.B.) independently examined this reference in 1977 and found the case for
the European sighting of the A.D. 1054 event weak. The astronomically most
significant part of the medizeval Latin text reads ‘“Tempore huius stella
clarissima in circuitu prime lune ingressa est, 13 Kalendas in nocte initio.”
This translates as: ‘‘At this time, the brightest (or a very bright) star entered
into the circuit (path or circle) of the first moon, 13 days before the Kalends
(1st of the month) at the beginning of night.” Although in medizval times the
expression “first moon” refers to the shape (crescent) rather than the time of
the month, the time of observation is given as the beginning of night. How-
ever, the location of the Crab Nebula was close to that of the crescent moon
just defore dawn in 1054 July (see the discussion below of possible North
American records). Thus, both the year and the time of day disagree with the
Eastern reports of the A.D. 1054 event and it seems unlikely that both would be
copying or recording errors in the chronicle. (Note, however, that Williams*
suggests that ‘1054’ rather than “1058” is meant in the Rampona chronicle.)
Conceivably, the association of a bright star with the crescent moon near the
beginning of an unidentified month might refer to an observation of the
A.D. 1054 guest star six months after its appearance in July, but there are no
solid grounds for drawing that conclusion.

The absence of a definitive European record of the A.D. 1054 star seems
less surprising when we consider that there is only one European record of the
much brighter (apparent magnitude —8 or —g) A.D. 1006 supernova and
none of the fainter yet still very bright (o magnitude) A.D. 1181 supernova.
Thus, the lack of such a record cannot be used to impugn the oriental records,
which imply a peak apparent visual magnitude of about — 5 for the A.D. 1054
event.

A Chinese map shows the Guest Star of A.D. 1054. A discrepancy in the
position of the A.D. 1054 guest star with respect to { Tauri, as recorded in a
Chinese annal, has been cited by historians to question the identification of the
A.D. 1054 guest star with the Crab supernova®4. However, an interpretation
of a well-known Chinese star map which suggests the guest star is depicted
on the map and located in the correct orientation with respect to { Tauri was
published several years ago in China and apparently has escaped the notice of
most historians and astronomers interested in the Crab Nebula. The map in
question is the famous Suzhou (Soochow) planisphere'!, which was inscribed
on a stele in A.D. 1247. The stone stood, along with three other steles, outside
the Confucian Temple of Suzhou for many years and is now kept in the
Municipal Museum. The four steles were derived from a set of eight charts
made by Huang Shang in about A.p. 1193. Pan Nai, a modern historian of
astronomy at Shanghai, has suggested that the charts represent data from
about A.p. 1100 (N. Sivin, private communication). The star positions are, in
general, accurate to a few degrees, and of the approximately 1500 stars
known at the time only about 50 are missing from the steles. The map has
even been discussed in the context of the Crab (see the review by Oort!?),
but the suggestion that the guest star is actually shown on the map apparently
was not made until 1978,
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In an addendum?3 to a little-noticed 1978 article on the identification of the
Crab supernova with the A.p. 1054 guest star, the modern historians of
astronomy Bo Shu-ren, Wang Jian-min and Liu Jin-yi address the dis-
crepancy between the Chinese record which states that the guest star appeared
to the southeast of T’ien-kuan ({ Tauri) and the standard interpretation that
the A.D. 1054 guest star was the Crab supernova and hence must have been
northwest of { Tauri. Although this might simply have been a mental or
copying error, it is now gratifying to recognize the visual evidence, from the
Suzhou star map, that the guest star appeared northwest of { Tauri. Note
that the latest date associated with the Suzhou star map, 1247, is still almost
seven centuries before the earliest time at which anyone suggested an identifica-
tion of the guest star with the presently-observed nebula! Bo et al.'® write,
“After this article had been sent to press, we again found another important
record which proved that a guest star had been seen in the North Sung
Dynasty to the north west of the T’ien-kuan star. This record is the famous
carved stone star map of Suzhou. On this map, there is a cut (or indentation)
to the north-west side of the T’ien-kuan star. We have investigated the
original stone carving and found there is a circular notch (or indentation)
inside it (the mark). This probably is the record of the guest star of A.D. 1054.
We cannot discuss here this record in detail, but just point out: a reliable
argument for the fact that the T’ien-kuan guest star was located to the
northwest of the T’ien-kuan star may be found on the Suzhou stone carved
star map.”” Ho Peng Yoke, who has previously argued? that the discrepancy
in the Chinese texts undermines the identification of the A.D. 1054 guest star
with the Crab supernova event, now finds the Bo et al.!® interpretation
convincing (private communication).

In the spirit of the Chinese proverb, that “One picture is worth more
than ten thousand words”, we show as Plate I a photographic reproduction
of the relevant portion of a rubbing of the Suzhou stone star map that hangs
on the premises of the National Academy of Sciences in Washington, D.C.
The mark identified as the guest star by Bo et al. appears near the centre of
the image, to the lower left of the southernmost star (Elnath, or 8 Tauri)
in the large polygonal asterism or chinese constellation. The mark is closer to
B Tauri and farther from { Tauri than the position of the Crab Nebula; the
Chinese character for T’ien-kuan is located at the nebula position. Note
also, as Davis! has emphasized, that “Oriental star maps make unlimited
use of the principle of ‘idealization’, the art of making the form of the asterism
fit the name or the idea it is supposed to represent ... ”. Thus, a modest
distortion in the chart is not unexpected.

There is even some confusion about the number of discrepant reports.
Ho Peng Yoke et al.? reported that two independent Chinese reports put the
guest star south east of { Tauri, but Clark & Stephenson? later found that this
positional discrepancy occurs in only one independent source. It seems
unavoidable that there are errors in the ancient records; one Chinese account
even puts the position of the guest star in the Pleiades! Certainly a mistake
of the nature of the discrepancy at hand (southeast v. northwest) is not
unusual; even in the Cambridge Encyclopeedia of Astronomy, edited by the
author of a monograph on the Crab Nebula, the wrong star (the northern
one rather than the southern one) of the optical pair near the centre of the
nebula is marked as the pulsar in the colour plate of the nebula that appears
in the Encyclopeedia. As previous authors have noted, positional descriptions
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A section of the Suzhou star map. The mark identified as the guest star of
A.D. 1054, which is interpreted as the Crab Nebula supernova, is located at the
projected intersection of the four short lines indicating the cardinal directions.
It is just above the Chinese character for T’ien-kuan (the modern ¢ Tauri)
and just below and left of the star (8 Tauri) at the southeast corner of the
large polygonal asterism. Photographed by K. Brecher from a rubbing taken
from the stone chart. The rubbing is at the National Academy of Sciences in
Washington, D.C.
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Candidate rock art record of the A.D. 1054 supernova. This pictograph is on
ahorizontal sandstone surface in Chaco Canyon, New Mexico. The photograph
was taken with the camera pointed vertically upward. The pictograph

element that appears to represent a human hand is approximately life size.
(NASA photograph.)
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in the Chinese annals are not always very accurate and are sometimes
unreliable or mis-copied from earlier records. An important point is that
the Chinese astronomers used equatorial codrdinates exclusively, so an object
described as “below’ a star was south of it, and not necessarily at a lower
altitude. Needless to say, if “below” meant ““at a lower altitude”, the comment
would be of little use to readers of the annals unless the time of observation
were stated®.

Although the Chinese and Japanese records provide apparent evidence of
the Crab supernova, a Korean account has not been found. Clark &
Stephenson?! suspect that the pertinent Korean records may have been lost.

North American rock art. An interesting circumstantial case has been made
that certain elements found in North-American rock art are representations
of the Crab supernova, which we take to be the guest star of A.D. 1054, Miller!?
first noted this possibility in a discussion of two rock-art images found in
northern Arizona. On the morning of 1054 July 5, the crescent waning Moon
passed within three degrees of the supernova position. The two bright
objects would have been seen in proximity from the longitudes of the present
western United States; the hourly motion of the Moon would have made the
conjunction less striking from the Eastern Hemisphere. Several additional
examples of what is interpreted as a star-and-crescent motif have been
found elsewhere in the western United States and in Baja California, Mexico.
The example shown in Plate IT comes from Chaco Canyon, New Mexico.
Elsewhere in Chaco Canyon, there is evidence that the Anasazi made both
solar and lunar observations!®, A Moon-watcher would surely have noticed
the new star near the Moon. The crescent is rare in native American rock
art such as this, which appears to pre-date occupancy of the respective areas
by the peoples present there at the time of the European discovery and
exploration of the Americas. Archzological evidence is consistent with
occupancy of many of these areas by Anasazi and other earlier peoples in the
eleventh century. The subject is reviewed by Brandt & Williamson'?;
contrary opinions have also been published%18. In any case, the residents of
the American west in A.D. 1054 must have seen the supernova. Weather
permitting, some saw it close to the crescent Moon and it is plausible that they
recorded the event in rock art, although this intriguing hypothesis may never
be proved or disproved with certainty.

Astrophysical implications of the oriental records. The connection of the
Crab Nebula with the guest star of A.D. 1054 July, already accepted by nearly
all astrophysicists who have investigated the question, gains added support
from the Suzhou star map. This identification is important astrophysically
because (1) it precisely dates the origin of the Crab Nebula; (2) it supports the
concept of acceleration of the filaments, believed to be powered by the
rotating magnetic neutron star, or alternatively it indicates a systematic
error in the astrometric solution for the date of origin of the filamentary
expansion, perhaps arising from uncertainty in the location of the expansion
centre in the solution; (3) it establishes the relevance of the oriental records
to the Crab supernova and from those records an unusual nature of the
supernova light curve may be inferred; (4) the records then provide a direct
estimate of the absolute magnitude of the supernova at the time of outburst.
Note in regard to (4) that the distance and interstellar extinction of the
Crab Nebula are among the best-established such quantities for any supernova
remnant!®2%, Thus, the positive identification of the Crab Nebula with the
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A.D. 1054 guest star tells us much about the supernova that would otherwise be
obscure.

From the Chinese and Japanese records!, the Crab supernova was visible

in daytime for up to 23 days and had pointed rays, a phenomenon that
sometimes occurs in naked-eye observations of very bright stars and planets.
Various estimates’2! of the peak brightness suggest an apparent visual
magnitude at maximum of —~4 to —6. The observations indicate that the
total duration of naked-eye visibility was 653 days. Although we do not find
Williams’ claim? that the A.D. 1054 guest star was a nova rather than a super-
nova convincing, we have reviewed the astrophysical literature in which
identification as a nova is rejected on the grounds of the light-curve and we
find it unconvincing. The usual argument?, that the observed duration of the
guest star is too long for a nova, is not correct. Although many Galactic
novae do last for less than six months, some very slow novae (e.g. HR Del)
may last for years®., It appears that a better argument that the A.D. 1054
guest star was not a nova comes from its apparent magnitude at maximum.
The absolute brightness of a nova outburst is inversely proportional to the
decay rate, and the very slow novae reach absolute magnitudes around
—6 to —7 at maximum?2. If the A.D. 1054 guest star were a nova with m,
of —5 at maximum, its distance from the Sun is small and interstellar
extinction can be neglected. In that case, from the well-established properties
of old novae, the present remnant star of the purported nova, at 10 magnitudes
below maximum light, would have m, of about 45 and would thus be
visible to the naked eye. Of course, no such star has been found; in fact,
surveys for quiescent novae are thought to be complete down to m,, of at least
+7 and perhaps a few magnitudes fainter. Further, by analogy with many
observed old novae, the present X-ray luminosity would be about 5 108
erg/s, which, for the 10—30-pc distance implied by the nova interpretation
of the A.D. 1054 guest star observations, implies a flux at the Earth greater
than the limit of about 4X 1071 erg/cm?/s typical of X-ray surveys of the
pre-Einstein era. Uhuru, Ariel 5, HEAO 1, or a rocket instrument, would
have found a source corresponding to the A.D. 1054 ‘“nova”, and such a
source would have been readily identified. Of course, such surveys show the
Crab supernova remnant, but they do not reveal an ancient nova in the
indicated region?,

To the extent that it fits an existing category of supernovae, the Crab has
been regarded as a Type II supernova. However, from what little information
on the light curve is available in the historical records of the A.D. 1054 guest
star, it could almost equally be the light curve of a ‘slow’ Type I supernova
or that of a Type II supernova®-25, The Crab pulsar is clearly not a binary
star, as expected in Type I supernovae, but the explosion might have disrupted
a binary system. Astrophysics rather than history must be appealed to; the
velocity of expansion of the Crab is an order of magnitude too small for a
Type I supernova.

Acceleration and the astrophysical dating of the Crab supernova. Measure-
ments of the filaments indicate that, if one assumes a constant rate of expan-
sion, the date at which the expansion of the Crab Nebula began is A.D. 1140
+10 years®, Both the filaments and the pulsar®” have moved since the
supernova occurred. From an historian’s perspective, Williams? asks whether,
if it were not for the A.D. 1054 guest-star records, astronomers wouldn’t be
looking for a guest star or nova that occurred in the middle of the twelfth
century. Perhaps so; however, the deduced mean acceleration of the nebula
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(00014 cm/s?) is readily accounted for by the 30-Hz magnetic waves expected
from the pulsar (rather than by relativistic plasma pressure, for example)?8,29,
Once it is understood that the persistence of X-ray synchrotron radiation
from the Crab Nebula means that a continuing source of energy (identified as
the pulsar) exists in the Crab Nebula, it is reasonable to conclude that the
apparent acceleration may be real rather than a product of systematic error
in astrometry of the filaments. Indeed, it is just this discrepancy of extrapolated
and historical data for the event that led some astrophysicists? to investigate
the mechanism of acceleration. Had the investigators believed more strongly
in the need to explain this anomaly, the history of discovery of neutron stars
might have been quite different.

We conclude that the historical records of the A.D. 1054 guest star are in
satisfactory agreement with the interpretation that the star was indeed the
supernova that produced the Crab Nebula.
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