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Nova stella in Cassiopeia constellation in Nov 1572
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C. Flammarion (1880) 

Tycho Brahe (1546-1601, Denmark): 
 

Transient phenomena like SN 1572 and comet 1577 
are outside the Earth atmosphere and beyond moon,  
 

i.e. not sub-lunar, but supra-lunar – 
 

both with very precise position, no parallax 

Precise positional measurement 
relative to Cassiopeia stars ±1´ 

Supernova remnant identified: 
Hanbury Brown & Hazard (radio) 1952 Nat. 
3C10 = G120.1+1.4 
 
 
 
 
 
 
 
 
 
 
 
 
 Chandra / Spitzer / optical 
 

Ejecta ~1.4 solar mass, i.e. SN type Ia  
Baade (1945), Green (2004) 

Nova Stella

Tycho Brahe in his Caste of Uraniborg

Note that: 
Brahe died in 1601

The large work on nova of 1572 

appeared in 1602 edited by Kepler.


Kepler published two books on Galactic supernovae !

Quite a nice publication record 

Brighter than Jupiter in  
November 1572  



3

Further observations of the new star: 
 
 
 
 

Shakespeare (born 1564), Hamlet (written ~1600): 
 
Act 1, scene 1 in the middle of a very cold winter night: 
 
„When yond same stars that‘s westward of the pole  
 
had made his course to illume that part of the heaven.  
 
Where it now burns, Marcellus and myself, 
 
The Bell then beating one …“ 
 
 
SN 1572 in Nov around midnight indeed west of pole 
 
(Olson, Doescher, Olson, S&T)    



Latin „super nova stella“  
= „about the new star“ 

First observations of the new star of 1572: 
 

Munoz (professor of Hebrew and mathematics at U Valencia, Spain, 1563-1578): 
“I am certain that on the second day of November 1572 there was not this comet in the sky. 
… Nov 11 greater than that of Jupiter ... and almost equal to that of Venus …” 

Francesco Maurolyco (mathematician, astronomer, professor at U Messina, d. 1575) 
wrote „hastly“ on Nov 6 (Hellman 1960): 
“This new star surpasses these fifteen [stars of 1st mag] in brilliance …” 

Schuler (Wittenberg) since Nov 6, Mästlin (Tübingen) since Nov 7, 
 

Brahe in Denmark / Sweden since Nov 11 
 

Korean and Chinese court astronomers since Nov 6 and 8, respec. 
 

All: comet ? … but without tail  and stationary  
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Tycho‘s  
SN 1572  
Nov 6 
 
cĪsā b. Luṭf Allāh b. al-Muṭahhar: 
„Then began the year [AH] 980  
(= 14 May 1572 to 2 May 1573 A.D. ± 2 days).  
 

 In it there appeared a star [najm] in the path [majrā] of Ursa 
Minor [Banāt Nacsh al-Ṣughrā] towards the East. It was 
larger than Venus. People said that this would indicate the 
death of al-Muṭahhar [AD 1572 Nov 9 ± 2], 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.“ 
 
 
 

Same author also reported SN 1604                   (Neuhäuser et al. 2016, JHA) 
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Further observations of the new star of 1572 to 1574: 
 

Nov 1572: brighter than Jupiter (-2.6 mag), fainter than Venus (-4 mag) 
 
Dec 1572: Brahe „like Jupiter“ (-2.4 mag) 
 
Jan 1573: Brahe „little fainter than Jupiter“ (-2.2 mag) 
and „somewhat brighter than the brighter stars of first mag” (≤ 0.19 ± 0.15 mag), 
i.e. about -2 mag early Jan to ~0 mag late Jan 
 
Feb / Mar 1573: Brahe „equal to brighter stars of first mag” (0.19 ± 0.15 mag)  
 
Apr / May 1573: Brahe “equal to stars of 2nd magnitude” (1.55 ± 0.42 mag) 
 
July / Aug 1573: Brahe “equal to the brighter stars of Cas” (2.33 ± 0.24 mag) 
 
Oct 1573: Brahe “compared to stars of 4th magnitude” (4.1 ± 0.57 mag) 
 

Nov 1573: Brahe “very similar to the nearby 11th star of Cas” (k Cas: 4.17 mag) 
 

Dec 73 - Jan 74: Brahe “hardly exceeded the stars of 5th magnitude” (4.5 ± 0.3 mag) 
 

Feb 1574: Brahe “compared with the 6th mag stars” (5.0 ± 0.3 mag) 
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Baade (1945 ApJ):  
 Light curve of B Cas = SN 1572 typical for SN type I 

Reconstruction from historical observations: 

SN 1572  

SN 1604  
SN IC 4182  



8Krause et al. (2008) & Rest et al. (2008) 

Light echo spectrum: type Ia 
(A. Rest) 
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Color evolution, e.g. by Adam Ursinus (1524-1590): 
 
“Its color was whitish, clear and bright, but mostly mixed with weak-yellow color, 
 
except for several days around Dec 12 and afterwards, when it was seen in dark red 
brownish color,  
 
finally it had again the earlier clear color,  
 
and it was substantially brighter than all stars of the 1st magnitude including the four 
planets, except just the single Venus  
 
That is a real gold comet ... Assign[ed] to Mars because of its dark brown-red color, 
which it had in December, but not since long.” 
 
 
 
(Beyneben einer kurtzen Beschreibunge des erschienenen Cometens im 1572. und 1573. Jhare) 
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Final color evolution:   (Neuhäuser et al. in prep.) 

(after May, not too faint for color detection, 
but not sufficiently colorful anymore.) 

Extinction  
AV = 2.25 ± 0.16 mag (Schaefer 1996)  
to 1.86 ± 0.12 mag (Ruiz-Lapuente2004) 
 

i.e. subtract color excess  
E(B-V) = 0.66 ±  0.06 mag (R=3.1)  
to get (B-V)0       
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Final color evolution:   (Neuhäuser et al. in prep.) 

(after May, not too faint for color detection, 
but not sufficiently colorful anymore.) 

Extinction  
AV = 2.25 ± 0.16 mag (Schaefer 1996)  
to 1.86 ± 0.12 mag (Ruiz-Lapuente2004) 
 

i.e. subtract color excess  
E(B-V) = 0.66 ±  0.06 mag (R=3.1)  
to get (B-V)0       (Ruiz-Lapuente  
2004 ApJ)  

(Leibundgut et al. 1993) 



And 450 years later :
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Seen here in X-rays


With Chandra telescope



Tycho SNR: asymmetries with 3D vector fields
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A&A proofs: manuscript no. output

Fig. 1: GMCA’s outputs for Tycho data cube on the Si line (1.6 - 2.1keV). Top : In black the observed spectrum for all Tycho SNR
compared to the three spectra found by GMCA. Bottom : The images associated to the spectrum for the three components found by
GMCA. The exposure map was only corrected in the output images, not in the GMCA inputs.

proper motion, we developed a handmade tool named Poisson

Optical Flow (POF).

3.1. General Morphological Component Analysis tool

The data coming from a spectro-imaging telescope such as

Chandra have a three-dimensional nature (x, y, E) : two spatial

dimensions and an energy dimension. This is very rich to analyze

so we use a tool developed in CEA Saclay to do this. The Gen-

eral Morphological Component Analysis (GMCA) decomposes

the cube X in a linear combination of spectra Ai and associated

images S i thanks to the resolution of this inverse problem :

X = AS + N =

nX

i=1

AiS i + N

The parameter n is the number of components chosen by the

user and N is the noise that is dealt with by the algorithm. As

a PCA, we can see the outputs of GMCA spectra as vectors of

a basis to reconstruct the spectrum in all pixels. The weight as-

sociated with each vector in a given pixel is the value of this

pixel in the associated GMCA image. To disentangle the com-

ponents, the algorithm optimizes the spatial and spectral di↵er-

ences jointly between the components. This method is a blind

source separation algorithm (BSS), there are no scientific initial

hints and so no bias because of a priori. There is nevertheless an

option of initialization. The user can constrain the spectra of one

or more components as only the normalization of these spectra

will be adapted to solve the inverse problem. So the shape of the

spectra must be optimized by the user before. It can be useful to

find a component hidden because of smaller statistics or to clean

others components from leakage.

For example, figure 1 shows the GMCA results for a data

cube from 2009 with energy between 1.6 and 2.1 keV, corre-

Article number, page 4 of 20

Cube of Tycho
SNR, 2009

Si line 
(1.6 - 2.1 keV)

Chandra
telescope

E

y

x

General Morphological Components
Analysis (GMCA) : Blind source

separation in a linear combination of
spectrums and images 

The GMCA tool 

Inputs

Results

Bobin et al, 2015
Picquenot et al, 2021
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GMCA

Chandra 750 ks

1.6-2.1 keV cube

Synchrotron Blue-shifted
ejecta

Red-shifted
ejecta

Components that 
we interpret as:

Godinaud, Acero, in prep



Tycho SNR: ejecta velocity along the line of sight (Vz)
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Line of sight velocity from
the energy centroid

Methodology
Combine red/blue GMCA
images ponderated by GMCA
spectral parameters

Results
- NW/SE clear asymmetry
- Total coverage of the SNR
- Brightness independant

Limits
- Integrated values on the line of
sight
- No uncertainties
- Only one energy of reference to
obtain the velocity map4

• Idea: Use GMCA 
components (red/blue) 
as a basis to 
reconstruct the 
energy centroid in 
each pixel 


• Complete coverage + 
pixel level


• Clear asymmetry of 
ejecta North/South

Godinaud, Acero, in prep



Tycho SNR: a particle accelerator ?

• Observed in GeV & TeV gammas with Fermi-LAT & VERITAS

• Compatible with accelerated proton emission via Pi0

• but Ecut_ph~10 TeV well below  Eproton < 1 PeV 
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SN 1572 - 2022

• One of the brightest transient in recent history (SN 1006 has the record)

• A historical astronomical object which transformed our way of 

understanding our Universe, breaking the immutability of heavens


• Historical records provide brightness and color points every 1-2 months


• But studying color evolution is more tricky

– Colors names are subjectives

– Comparison with other stars is more reliable

– Too much admixture of white when very bright


• Centuries after still a 

major subject of 

scientific interest 
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C. Flammarion (1880) 

Tycho Brahe (1546-1601, Denmark): 
 

Transient phenomena like SN 1572 and comet 1577 
are outside the Earth atmosphere and beyond moon,  
 

i.e. not sub-lunar, but supra-lunar – 
 

both with very precise position, no parallax 

Precise positional measurement 
relative to Cassiopeia stars ±1´ 

Supernova remnant identified: 
Hanbury Brown & Hazard (radio) 1952 Nat. 
3C10 = G120.1+1.4 
 
 
 
 
 
 
 
 
 
 
 
 
 Chandra / Spitzer / optical 
 

Ejecta ~1.4 solar mass, i.e. SN type Ia  
Baade (1945), Green (2004) 

Nova Stella


