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Where next?  
Chemical phylogenies 



Yay! I finally get to talk 
about my dear project! 

I haven’t really 
been able to do much 
since my 2017 analysis 

on 22 stars…

It’s too hard to do 
more and I don’t have the 
time I used to have when I 

was a postdoc! 

I will just tell a story 

Chemical phylogenies……



Timeline of story

Time Now



Formation and evolution of 
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Galactic archaeology
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King’s Research Exchange Evening:  
Role of Visual in Science

Evolution

Darwin’s theory and Tree of Life



King’s Research Exchange Evening:  
Role of Visual in Science

Darwin’s theory and Tree of Life

Every species evolved from one common primordial form

By comparing the similarities and differences in the DNA 
sequences of different species it is possible to reconstruct 
their shared history as an evolutionary tree, also known as 

phylogeny

The features that define a population - its traits - have 
evolved somewhere along these branches, outcomes of 

some universal set of evolutionary forces 

Evolution



Traits that evolve with time: need to 
be inherited from one generation to 

the next 

Stellar abundances - stellar DNA

Stellar phylogenies 

The ISM is the 
shared environment 

of stars
With stellar DNAs we 

study the chemical 
evolution of the 

ISM

Chemical evolution of the 
Galaxy



 ( N I S S E N  1 5 / 1 6 )  
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S O L A R  N E I G H B O U R H O O D

Building a tree

A C C U R AT E   
S T E L L A R  PA R A M S  
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S O L A R  N E I G H B O U R H O O D
1. I N P U T  C H E M I C A L  D I S TA N C E  

M AT R I X  
2. N E I G H B O U R - J O I N I N G  

C L U S T E R I N G  A L G O R I T H M  
3. Q U I C K  A N D  E A S Y  T O  C A L L  

F R O M  C O N S O L E  

Building a tree

1. O U T P U T  T H E  R E L AT I V E  
C H E M I C A L  S I M I L A R I T I E S  

B E T W E E N  S TA R S  I N  F O R M  
O F  A  T R E E  

Bootstrap + Monte Carlo 
give us 1 consensus tree 

out of 1000 trees
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1 .  D I F F E R E N T  
P O P U L AT I O N S

3 .  S T R O N G  
D I V E R G E N C I E S

2 .  D I F F E R E N T  
B R A N C H  
L E N G T H S
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1 .  D I F F E R E N T  

( G A L A C T I C )  
P O P U L AT I O N S

T H I N  D I S K

T H I C K  D I S K

I N T E R M E D I AT E

identification of populations 
without imposing (chemical or 
kinematical) cuts on the data

(could be just clustering



2 .  D I F F E R E N T  
B R A N C H  
L E N G T H S

T H I N  D I S K  
| Z _ R AT E |  =  

0 . 1 7  D E X / G Y R

I N T E R M E D I AT E  
| Z _ R AT E |  =  0 . 2 7   

D E X / G Y R

T H I C K  D I S K  
| Z _ R AT E |  =  0 . 6 6   

D E X / G Y R



S M A L L  
E C C E N T R I C I T I E S  

R A D I A L  
M I G R AT I O N ?

3 .  S T R O N G  
D I V E R G E N C I E S



S TA R - L I K E  
P H Y L O G E N Y  
S O M E T H I N G  

E X T R E M E  ~ 8  G Y R  
A G O ,  O R  

I N C O M P L E T E  
D ATA ?

3 .  S T R O N G  
D I V E R G E N C I E S



“chemical age” 
(Nissen15,16)

I N T E R M E D I AT E  
P O P U L AT I O N

E X T R A G A L A C T I C ?  
AT  S O L A R  [ F E / H ] ?  
( S AT E L L I T E S  A R E   

M E TA L -  P O O R )  
I N N E R  D I S K ?  

P H Y L O G E N E T I C  T H I N K I N G  I S  
V E R Y  P O W E R F U L :  A D D S  T H E  

R E C O N S T R U C T I O N  O F  
H I S T O RY  T O  C L A S S I C A L  

C H E M I C A L  TA G G I N G  
C L A S S I F I C AT I O N  M E T H O D S



Jofre+2017 

P H Y L O G E N E T I C  T H I N K I N G  I S  
V E R Y  P O W E R F U L :  A D D S  T H E  

R E C O N S T R U C T I O N  O F  
H I S T O RY  T O  C L A S S I C A L  

C H E M I C A L  TA G G I N G  
C L A S S I F I C AT I O N  M E T H O D S

Science News 2018  
Scientist-to-Watch





Challenges for 
chemical tagging 

Uncertainties in abundances small enough? (Jofré+2019, ARA&A, vol 57, 
Accuracy and Precision of Industrial stellar abundances) 

See also Nissen&Gustafsson 2018 
Uncertainties in ages small enough? (many talks)

Are clouds (clusters, binaries) chemically homogeneous? 
(Liu+2016, Tucci Maia+2019, + Koz’s talk)

Are chemical pattern retain through a stellar lifetime 
(diffusion etc)?(Dotter+2017, Lin’s  talk)

Has the chemical space have enough dimensions to resolve differences? 
(Ting+2015) 



Challenges for 
building trees 

given complexity 
of nature

What is the best tree (Bootstap, Max Likelihood, Bayes)? 

How to implement the fact that not every trait evolves at 
same rate everywhere and always? 

How to implement the fact the evolving system is not 
isolated? 

How to deal with millions of objects? 

Data vs model? 



Challenges for 
tree thinking

Tree diagrams are used in many non-evolutionary contexts: illustration 
of clustering 

Phylogenetic trees show historical relationships, not similarities 

Although closely related species tend to be similar to another, this is not 
necessarily the case if the rate of evolution is not uniform 

Beginners (like me) should learn how to read trees and to 
understand what trees communicate. 

Baum Sci, 310, 979 (2005) 



We should learn how to read trees and to understand what 
trees communicate…. 

The tree that connects all stars in the 
Milky Way whose phylogeny tell us the 

history of our own Galaxy



• Chile’s astronomy is perhaps the community that is growing the fastest 
- no wonder, so are the facilities that are being installed in our dessert. 
Chile is investing in the development of astronomy like few countries.  


• Astronomy Nucleus, UDP, Santiago de Chile - started 2013 - I joined as 
5th Faculty in 2017 (the stellar/galactic person), now we are 7 faculty + 
7 post-docs, 4 PhD students, 1 outreach coordinator. 


• 1 more faculty to join (We’re hiring!) 


• Telescopes, many funding programmes (ESO-Chile, ALMA/
CASSACA/ECOS/Belgium/STINT/Gemini/MaxPlanck/FAPESP/
Newton/…-Conicyt, Fondecyt, etc), international networks, etc


• SDSS-V, LSST, GMT, 4MOST, E-ELT, MOONS, ALMA…. 

Nucleo de Astronomia, UDP

Revolution in Astronomy Data—> Revolution in Chilean Astronomy 


