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AAT Bush Fire 

January 2013 



HERMES is a new high-resolution 	


fiber-fed multi-object spectrometer 	



on the AAT	



Team of about 40, mostly from Australian institutions 

spectral resolution  28,000	


   (also R = 45,000 mode)	


400 fibres over π square degrees	


4 bands (bvri) ~ 1000 Å	


First light 2013B	
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$15M investment up front: 400 fibres 
over 2o field, optical!

!
New $15M 4-arm spectrograph, 

R=28,000, ~250A bands in bvri!

HERMES @ AAT (first light 2013B) 
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A recent workshop to discuss HERMES science	







Huge challenge – the sequence of events that yields stars 
over cosmic time	



star-forming cloud ~500 M (Bate) 	



Galactic disk (Agertz)	
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Cluster formation is unresolvable at the present time  

2.6 mm CO 
21 cm HI 
DSS optical 

5x105 Mo 

Left: 
850 μm cold dust 
3.6 µm cluster 
 
Right: 
1.2 mm cold dust 
4.9 µm cluster 
 
 



Slide caption 
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M51: Scheepmaker+09 

Formation & destruction have a coupled environmental dependence. 
We see strong dependences within and between galaxies.  
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Formation & destruction 

We observe a cluster mass function that arises from a complex 
coupling between these two processes.	



Formation requires dense gas, high pressures & accretion flows.	


	


Destruction is caused by 2-body relaxation (minor) and tidal shocks 
(major), i.e. rapidly changing tidal field, interaction with GMCs. Both 
mechanisms wipe out the low mass clusters first.	


	


So destruction is most efficient in regions of high star formation, 
i.e. infant mortality must be very high.	



Note: we are assuming fixed cluster formation efficiency; if this is very low, 
clusters can disperse rapidly because the hot young stars blow the gas away. 



More massive clusters have been 
observed in mergers/starbursts 
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incl. formation of globular clusters 

Key parameters are:  
 

CMF slope, γ

CMF age distribution  
maximum mass, MMAX 
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This is also what we observe at z > 1 

Turbulent star forming disks, supermassive star clusters ~ 106-8 Mo  
These ancient star clusters have now dissolved into the Galaxy. 
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JBH, Krumholz & Freeman 2010: 
manifesto for chemical tagging 

All open clusters to date are 
found to be chemically uniform 
in all elements 
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GOAL: To measure the strength of migration with cosmic time 



JBH, MRK, KCF 2010 
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Dissolved star 
clusters in 
projection:  
 
X-Y to lat-long 
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How massive a uniform star cluster? 

Cloud dynamical time (Tan+ 06)  

M = cloud gas mass ~ 106 Mo 
Σ = cloud col. density ~ 0.3 g cm-2 

The cloud's virial ratio                        is the ratio of kinetic to gravitational 
energy. So if tform = 4 tcr then 

i.e. fraction of cloud  stars 

We conclude that star clusters up to 104 Mo are chemically uniform 
(80% up to 105 Mo) since tSN > 3 Myr for most SNe in these clusters. 

JBH, Krumholz & Freeman 2010 Hilo 2013	





What about uniformity in globular clusters? 

Σ ~ 3 g cm-2	


	



Dynamical time 6x shorter 
 
Dense star clusters can be 
chemically uniform even with 
masses ≥ 107 Mo   !! 

Hilo 2013	





sun 

Aquarius stream 

A recent example of chemical tagging in Galactic archaeology: 
 

Wylie de Boer et al (2012) used the chemical tagging techniques to 
identify the nature of the Aquarius stream (Williams et al 2011).   
This is a stream of halo stars identified from the RAVE survey.   
It is coming directly towards the sun from near l = 50o, b = -60o, and its 
stars extend along the line of sight from 200 pc to 10 kpc. 

The stream appears to be the 
debris of a disrupted GC rather 
than a dwarf galaxy. Its stars 
•  are homogeneous in heavy 
elements (σ[Fe/H] = 0.09 dex),  
•  show the Na-O anticorrelation 
like GCs and  
•  lie with GC stars in the Ni-Na 
plane 

Other examples: Argus, Wolf 630, HR 1614, ... 



Ni-Na relation for globular cluster stars and dwarf spheroidal galaxy stars. 
(Comes from slower star formation rate in dSph galaxies than globular clusters.) 
Aquarius stars are more consistent with globular cluster debris. 

Aquarius stars 

[Ni/Fe] 

[Na/Fe] 

Field stars 

Globular cluster  
stars:  M3,  

NGC 288, 362 

Wylie de Boer et al (2012) 

dSph stars: 
For, Sgr, Scl, 
Leo I, Car 



•  HR 1614 
o  field stars 

The HR 1614 stars  
(age 2 Gyr)  

are chemically  
homogeneous. 

  
They are  

probably the  
dispersed relic  
of an old star  
forming event. 

De Silva et al 2007 



The GALAH experiment	


 

A major goal of Galactic archaeology is to identify 	


observationally how important mergers and accretion events 	


were in building up the Galactic thick disk, thin disk and bulge. 	



 
So how many unique element signatures will we need?	



	


300 M < M★ < 3000 M #105/Gyr	


3000 M < M★ < 30,000 M 	

104/Gyr	



Without good ages, we need ~ 106 signatures to reach low M★	


This is very challenging	



	


Say we measure 8 independent element groups with 5 unique	



 abundance levels, this gives us 58 ~ 400,000 signatures.	


	



Chemical pipeline by Wylie de Boer, Sneden & d’Orazi gives spectroscopic  
stellar parameters and abundances for 25 elements, 8-9 chemical classes 
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Goal:  million star survey to V = 14 @ R=28,000!
           SNR ~ 100 per res. in 1 hr, 3000 pointings, 400 clear nights!
!
!

The search for progenitor formation sites	

 APASS, 2MASS 
input catalogue 

  

-135-90-4504590135

-90
-60

-30

0

30

60
90

log(�) stars/(� deg2)

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

6250 K<Teff<4500 K, 10<V<14

Fields=2931

� > 400
E(B-V) < 0.2
Dec < 10 deg

 Galaxia 
code 



 
Fractional contribution from Galactic components 
 

   Dwarf     Giant 
Thin disk    0.58       0.20 
Thick disk    0.10       0.07 
Halo     0.02       0.03 
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Most of the GALAH stars are local dwarfs... 

ngCFHT: one idea is to push deeper and reach the bulge 



Summary 
•  Cluster formation is lies beyond our observational horizon. 	



•  Reconstructing star clusters is necessary to relate cluster age 
distributions to cluster formation history.	



•  Reconstructed CMFs and alpha/Fe distributions will tell us 
about major vs. minor mergers with cosmic time.	



•  Cluster reconstruction will tell us a great deal about major vs. 
gradual migration events in the past (JBH+ 2010).	



•  If strong migration is real, in situ information is scrambled, thus 
detailed chemistry via HERMES is essential to progress.	
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•  Freeman & JBH (2002)	


•  JBH & Freeman (2004)	


•  De Silva+ (2006, 2007ab, 2009, 2011)	


•  JBH+ (2010ab)	


•  Ting+ (2012)	


•  Mitschang+ (2013)!
!

!

Chemical tagging:	


"connecting stars to their birth sites through their lifelong tags"	



Hilo 2013	




