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VLT/UVES and LAMOST

Very Large Teles
ope (VLT) - 8-m mirror

Simple sket
h of a spe
trograph �

Massey et al.
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VLT/UVES and LAMOST

Large Sky Area Multi-Obje
t Fiber Spe
tros
opi
 Teles
ope

(LAMOST) � 4-m mirror, 4000 �bres → 10000 stars/night or

2 · 106 stars/year

Camilla Juul Hansen Heidelberg University, ZAH

The 
hemi
al evolution of Sr and its neighbouring elements



Teles
opes Abundan
es Assumptions and 
orre
tions Formation pro
esses Con
lusion

VLT/UVES and LAMOST

LAMOST vs UVES spe
tra

LAMOST (low resolution R ∼ 1800) and ESO VLT (UVES - high

resolution R ∼ 40000)

Important: Sr may be the only heavy element for whi
h we will be

able to derive abundan
es in low-resolution spe
tra.
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Stellar spe
tra � 2D to 1D
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Stellar spe
tra and equivalent width (W)
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Strontium

HD 122563, Sr II
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Two ways of deriving abundan
es:

•
Equivalent width and syntheti
 spe
tra

•
We need to know the stellar parameters:

Temperature, gravity,

metalli
ity and velo
ity (small s
ale)

•
Model atmosphere (e.g. MARCS)

and syntheti
 spe
trum 
ode (e.g. MOOG)

•
Assumptions: 1D, LTE � one lo
al

temperature, bla
k body ratiation (Plan
k),

Maxwellian velo
ity distribution, Boltzmann

and Saha des
ribe ex
itation and ionisation

•
Line lists with atomi
 and mole
ular

information

(ex
itation potential and log gf)
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Temperature, gravity and metalli
ity

•
The 
olor of a star depends on two fa
tors: Temperature and

metalli
ity

•
Color (V-K) 
alibration:

T = a+ b(V −K) + c(V −K)2 + d(V −K)[Fe/H] + ....

•
Ex
itation potential - based on Fe lines (3D, NLTE sensitive)

•
Parallax/distan
e (π):
log g

gSun
= log M

MSun
+ 4 T

TSun
+ 0.4Vo + 2log(π) + corrections

•
Ionisation equilibrium from Fe lines (NLTE sensitive)

•
Metalli
ity ([Fe/H℄) from equivalent widths of Fe lines
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Stellar abundan
es and [Fe/H℄

log W = log(const) + log(A) + log(gfλ)− θχ− log(κ) (1)

[Fe/H℄ ≡ log(N
Fe

/N
H

)∗ − log(N
Fe

/N
H

)⊙ (2)

Top: Solar ([Fe/H℄ = 0) spe
trum � Mg triplet. Bottom: Star with [Fe/H℄ ∼ -5. Christlieb +2004
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Assumptions: LTE vs NLTE - the impa
t on stellar parameters
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Assumptions: LTE vs NLTE - Strontium
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Chemi
al evolution of Sr from O-Mg-Ne faint CCSN

Yields from Wanajo et al.
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Chemi
al evolution of Sr from neutrino-driven winds

Yields from Ar
ones & Montes
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Chemi
al evolution of Sr from fast rotating stars

Yields from Fris
hkne
ht et al.
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The 
hemi
al evolution of Sr � LTE vs NLTE Two pro
esses are

needed
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1D vs 3D

Cal
ulations based on CO5BOLD for the 4077.7A Sr line (E.

Ca�au):

Line strength Giant Giant Dwarf Dwarf

Sr II [mA℄ 3D− < 3D > 3D - 1D 3D− < 3D > 3D - 1D

178 0.142 0.118 - -

158 0.198 0.151 - -

100 - - 0.246 0.077

85 - - 0.278 0.092

G: 4500/2.0/-3.0/1.8, Dw: 5900/4.0/-2.0/1.5

The 
orre
tions are sensitive to line strength and the lower

energy level.

3D− < 3D > express the size of �u
tuations, while 3D-1D is

related to the treatment of 
onve
tion (and

mi
roturbulen
e).
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NLTE 
orre
tions

Line strength Giant Dwarf

Sr II [mA℄ ∆NLTE ∆NLTE

158 -0.14 -0.08

Sr I 0.34 0.34

The 
orre
tions are very sensitive to the stellar parameters, the line

strength, and majority/minority spe
ies. In general giants have

larger 
orre
tions than dwarfs.
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What 
an we learn from stellar abundan
e patterns? LTE vs NLTE

Hansen et al. 2011

•
Observationally derived

abundan
es for most MP RR lyrae

•
The groups of elements tra
e

various supernova (SN) features:

• α-elements serve as tra
ers

of SN Mass (Kobayashi et al 06)

•
The α/odd-Z elements

provide information on the explosion

energy, IMF and SN metalli
ity

•
The amounts

of S
, Ti and Zn are linked to Ye

•
In-/
omplete Si-burning

elements provide 
lues on the Tpeak
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Gala
ti
 Chemi
al Evolution - Mg

The Mg lines are strong so we 
an dete
t them down to [Fe/H℄

∼ −4

Kobayashi et al, 2006

Kobayashi et al, 2006
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Chemi
al evolution of Sr

Hansen et al, 2012
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Sr, Y, and Zr

All three elements (Sr, Y, Zr) 
orrelate

Frebel et al, 2010
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Correlations

Sr 
orrelate with Mg and Ca (α-element)

Correlation slope ∼ 1.2. LEPP region elements 
ould share formation

pro
ess with α-elements. E.g. α-,n-ri
h freeze-out?

Frebel et al, 2010
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Con
lusion

•
A

urate high-resolution spe
tros
opy ne
essary to derive

abundan
es of heavy elements other than Sr.

•
It is important to have NLTE 
orre
tions for all abundan
es,

otherwise wrong 
on
lusions on 
hemi
al evolution or

progenitor generation might be drawn.

•
In some 
ases (for some elements) 3D 
orre
tions are even

bigger than NLTE 
orre
tions. We need 3D+NLTE to have

the �nal/
orre
t abundan
es.

•
The LEPP/weak-r might be related to an 'α-pro
ess'

•
Mixing pro
esses, 3D self 
onsistent explosions, optimized

yields, are essential to understand the information we gain

from stellar abundan
es.

•
The large star-to-star s
atter dominates any other trend or


orre
tion seen for Sr.
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Thank you for listening

Finally thanks to some of my 
ollaborators: F. Montes, N. Christlieb,

K.-L. Kratz, S. Wanajo, H. Hartmann, O. Hallmann, M. Bergemann, B.

Nordström, A. Ar
ones, LSW, and SFB 881 for support.
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