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Vilnius , ChETEC WG3 Meeting 2019
Focus of the meeting was preparing 2 observational proposals: 

r-process  
 Galactic globular clusters 
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r-process team  
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However, during a  
coffee break …
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Stochastic model for Ba 
in the Galactic halo 

data from in 
Placco+14 
Hansen+12 
Hansen+16 
Cescutti+16

Why so few stars here?
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Li et al. (2010): main-sequence turnoff stars in the HESS (Hamburg ESO)

Metallicity distribution function of the Galactic halo

Clear observational bias



ChETEC  INFRA Kick off - WG5 session

How can we achieve this? 

Measuring nc elements is demanding  
—> HR spectroscopy and high S/N 

 (at least for most of the nc elements!) 

(but see results for Sr and Ba with X-shooter by Camilla 
Hansen C:J. et al. 2016) 
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However … 
we are not looking for the most metal poor stars, 

just honest halo giants… 
(giants better suited for measuring the nc elements lines) 

Nature provides a lot of them in our Galaxy, and  
some (>1000) are close enough to be measured  

with 2-4m telescopes (V<10-11) 
or measured as a filler in top class telescopes! 
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MINCE project: 

P. Bonifacio, G. Cescutti, C. Hansen, L. Monaco,  
E. Spitoni, A. Kučinskas,E. Kolomiecas, L.Lombardo, A. 

Mucciarelli, M. Franchini, P. Di Marcantonio, V. S. Cristallo, 
F. Matteucci, M. Valentini,  J. Klevas,  

M. F. Andersen, M. Hanke,  A.M. Matas Pinto, E. Caffau, 
Dobrovolskas, P. François, M. Spite, F. Spite …
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TNG 3.58m  
Spectrograph HARPS-N 

4/4 applications successful 43 stars+15 in summer

PI Cescutti
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OHP 1.93m  
Spectrograph SOPHIE 

2/2 applications successful: 42 stars

PI Bonifacio
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CFHT: 3.58m   
Spectrograph ESPaDOnS 

2 applications successful (filler): 15 stars

PI Bonifacio
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TBL 2m 
Spectrograph: NeoNArval 

1/1 applications: 12 stars (but problems in the reduction)

PI Bonifacio
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MPG/ESO 2.2-metre 
FEROS 

3/3 application 130 stars 
+ 72 cancelled due to 

corona virus :(

PI Hansen

https://www.eso.org/public/teles-instr/lasilla/mpg22/
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NOT 2.2m 
Spectrograph:FIES 

2/4 applications: partially cancelled due to corona virus  
14 stars

PI Spitoni + Cescutti
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Moletai 1.65m 
Spectrograph: VUES 

2/2 applications 
24 stars

PI Kučinskas
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Magellan 6.5m 
Spectrograph: MIKE 

1/2 applications 
14 stars 

PI L.Monaco
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VLT 8.2m 
Spectrograph: UVES 

2/2 applications total of 100h (50h+50h, low ranking) 
P106 48 stars, P105—>P107 on going (~10 stars) 

PI Cescutti
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9 facilities used!  

360 stellar spectra with high S/N and Resolution 

Summary  
(missing the 16h awarded with this proposal at TNG!)
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Selection of candidates: 

Hard job, particularly in the north.  
We started using APOGEE data —> not so bright targets  

RAVE data OK, but only for the South 

We try to use Strömgren  
colours  adopting the Paunzen (2015) catalogue  

+ metallicity calibration  
by Casagrande et al. 2014…



ChETEC  INFRA Kick off - WG5 session

Solar metallicity isochrone in Strömgren colours. 
In blue the points that fall in the validity range of the  

Casagrande et al.  (2014) metallicity calibration 
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1. Introduction

Introduction.

2. Target selection

Our original goal was to observe giant stars in the intermediate
metallicity range (�2.5  [Fe/H]  �1) with the aim to have a
detailed inventory of the neutron-capture elements (the MINCE
project, Cescutti et al. in preparation). To this end we used the
Strömgren photometry from the Paunzen (2015) catalog and the
metallicity calibration for giants of Casagrande et al. (2014). To
our surprise when we inspected the spectra all the stars appeared
to rapidly rotating (therefore young and massive) and around so-
lar metallicity.

The question is: what has gone wrong in the star selec-
tion? As a first element element to answer this question we ex-
amined the synthetic photometry of a Parsec solar metallicity
isochrones of ages in the range 0.1 to 1 Gyr. The Strömgren
colour-magnitude diagram is shown in Fig. 1. We have there
highlighted the stellar models that have colours within the va-
lidity range of the Casagrande et al. (2014) metallicity.

In Fig.2 we show the histogram of the metallicities computed
from the Casagrande et al. (2014) calibration for the stars that are
within the range of its validity. We see that only for a minority of
models we obtain the correct model metallicity ⇠ 0.0 while for
the majority the calibration provides metallicities in the range
–1.0 to –2.0.

We interpret this fact as a subtle manifestation of the age-
metallicity degeneracy. The fact that the Casagrande et al. (2014)
calibration performs poorly on such metal-rich young stars is, in
our opinion, due to the fact that there were no such stars among
the calibrators used by Casagrande et al. (2014) to define the
calibration. However, if such calibrators had been used, it is not
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Fig. 1. Strömgren colour magnitude diagram. Highlighted in blue are
the stellar models that have colours within the validity range of the
Casagrande et al. (2014) metallicity.

clear if the degeneracy could have been lifted, without introduc-
ing in the calibration some age-sensitive quantity.

3. Observations

The spectra used in this paper have been obtained with three dif-
ferent telescopes and spectrographs, the log of the observations,
as well as the observed radial velocities are provided in Table 1.

3.1. SOPHIE at OHP

SOPHIE (Bouchy & Sophie Team 2006), is a fibre-fed high res-
olution spectrograph operated at the OHP 1.93 m telescope. The
spectra were obtained at Observatoire de Haute Provence, in vis-
itor mode, during three nights from September 13th to 16th, the
observer was one of the co-authors (A.d.M. Matas Pinto). The
SOPHIE high-resolution mode, that provides a resolving power
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Fig. 2. Histogram of the [Fe/H] values derived from the Casagrande et
al. (2014) calibration for the stellar models that have colours within the
validity range of the calibration.

R ⇠ 75 000, was used for all the observations. The spectral range
covered is 387.2 nm to 694.3 nm. The wavelength calibration re-
lied both on a Th-Ar lamp and on a Fabry-Pérot etalon. The data
was reduced automatically on-the-fly by the SOPHIE pipeline.
Radial velocities (vrad) were provided with the K5 template from
the SOPHIE pipeline. For HD 192045 and HD 213036 stars vrad
were derived measuring the cross correlation function over the
interval 500 nm  �  650 nm.

3.2. ESPaDOnS at CFHT

ESPaDOnS (Donati et al. 2006) is a fibre-fed spectropolarime-
ter operated at the 3.6 m Canada-France-Hawaii telescope on
the summit of Mauna Kea. The observation were obtained in
the Queued Service Observation mode of CFHT in November
2019. The spectroscopic mode “Star+Sky” was used, providing
a resolving power of R ⇠ 65 000 and covers the spectral range
370 nm to 1051 nm. The data was delivered to us reduced with
the Upena pipeline1 that uses the routines of the Libre-ESpRIT
software (Donati et al. 1997). The output spectrum is provided in
an order-by-order format, we merged the orders using an ESO-
MIDAS 2 script written by ourselves. Radial velocities were de-
rived measuring the cross correlation function over the interval
420 nm  �  680 nm.

3.3. HARPS-N at TNG

HARPS-N (Cosentino et al. 2012) is a fibre-fed high resolution
spectrograph operated at the 3.5 m Telescopio Nazionale Galileo
at the Canary Island La Palma. It is essentially a copy of HARPS
(Mayor et al. 2003), operated by ESO on its 3.6 m telescope at La
Silla. The observations were obtained in service mode in Decem-
ber 2019. We used the the high resolution mode, that provides a
resolving power R ⇠ 115 000. The wavelength range covered
is 383 nm to 690 nm. The data was reduced on-the-fly by the
HARPS pipeline. Radial velocities were provided with the G2
template from the HARPS-N pipeline.
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Fig. 3. Colour magnitude diagram of Gaia absolute magnitude G
vs de-reddenend colour GBP � GRP, comparing the observed stars
with isochrones of [M/H]=0.0 for ages between 0.1 to 14 Gyr (blue
isochrones between 0.1 and 0.9 Gyr and grey isochrones between 1 and
14 Gyr). Dots of di↵erent colours represent di↵erent sets of data ob-
tained in di↵erent observations.

4. Analysis

4.1. Stellar parameters

We derived the stellar parameters using Gaia DR2 photometry
(G and GBP � GRP) and parallaxes. We used a grid computed
using grids of ATLAS9 model atmospheres by Castelli and Ku-
rucz (2003) that contains theoretical values of AG, E(Gbp �Grp),
GBP � GRP and bolometric correction for each set of Te↵ , log g
and [Fe/H] in the range of 3500  Te↵  6000, 0  log g  4
and �4  [Fe/H]  +0.5. E↵ective temperatures (Te↵) and sur-
face gravities (log g) were derived iteratively by the following
procedure: I) a first estimate of Te↵ is made by fixing the metal-
licity at a first guess value and interpolating Te↵ in the grid using
GBP �GRP; II) the bolometric correction is derived by interpola-
tion using the previously derived Te↵ ; III) a first estimate of log g
is made using the bolometric correction and Te↵ ; IV) the extinc-
tion coe�cients AG and E(Gbp�Grp) are derived by interpolation
using Te↵ ; V) G and GBP �GRP are de-reddened using the color
excess E(B-V) from STILISM maps (Capitanio et al. 2017); VI)
the procedure is iterated until |Te↵(i) � Te↵(i � 1)| < 50 K, where
i is the i-th iteration. Once we derived the stellar parameters, we
used GALA code (Mucciarelli et al. 2013) to derive the metallic-

1 http://www.cfht.hawaii.edu/Instruments/Upena/
2 https://www.eso.org/sci/software/esomidas/
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Applying the metallicity calibration to these 
colours (of solar metallicity isochrones) one 
estimates a low metallicity in many cases !

Missing assumption, we are not dealing with old stars!
Slides by Linda Lombardo
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Fig. 2. Histogram of the [Fe/H] values derived from the Casagrande et
al. (2014) calibration for the stellar models that have colours within the
validity range of the calibration.

R ⇠ 75 000, was used for all the observations. The spectral range
covered is 387.2 nm to 694.3 nm. The wavelength calibration re-
lied both on a Th-Ar lamp and on a Fabry-Pérot etalon. The data
was reduced automatically on-the-fly by the SOPHIE pipeline.
Radial velocities (vrad) were provided with the K5 template from
the SOPHIE pipeline. For HD 192045 and HD 213036 stars vrad
were derived measuring the cross correlation function over the
interval 500 nm  �  650 nm.

3.2. ESPaDOnS at CFHT

ESPaDOnS (Donati et al. 2006) is a fibre-fed spectropolarime-
ter operated at the 3.6 m Canada-France-Hawaii telescope on
the summit of Mauna Kea. The observation were obtained in
the Queued Service Observation mode of CFHT in November
2019. The spectroscopic mode “Star+Sky” was used, providing
a resolving power of R ⇠ 65 000 and covers the spectral range
370 nm to 1051 nm. The data was delivered to us reduced with
the Upena pipeline1 that uses the routines of the Libre-ESpRIT
software (Donati et al. 1997). The output spectrum is provided in
an order-by-order format, we merged the orders using an ESO-
MIDAS 2 script written by ourselves. Radial velocities were de-
rived measuring the cross correlation function over the interval
420 nm  �  680 nm.

3.3. HARPS-N at TNG

HARPS-N (Cosentino et al. 2012) is a fibre-fed high resolution
spectrograph operated at the 3.5 m Telescopio Nazionale Galileo
at the Canary Island La Palma. It is essentially a copy of HARPS
(Mayor et al. 2003), operated by ESO on its 3.6 m telescope at La
Silla. The observations were obtained in service mode in Decem-
ber 2019. We used the the high resolution mode, that provides a
resolving power R ⇠ 115 000. The wavelength range covered
is 383 nm to 690 nm. The data was reduced on-the-fly by the
HARPS pipeline. Radial velocities were provided with the G2
template from the HARPS-N pipeline.
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Fig. 3. Colour magnitude diagram of Gaia absolute magnitude G
vs de-reddenend colour GBP � GRP, comparing the observed stars
with isochrones of [M/H]=0.0 for ages between 0.1 to 14 Gyr (blue
isochrones between 0.1 and 0.9 Gyr and grey isochrones between 1 and
14 Gyr). Dots of di↵erent colours represent di↵erent sets of data ob-
tained in di↵erent observations.

4. Analysis

4.1. Stellar parameters

We derived the stellar parameters using Gaia DR2 photometry
(G and GBP � GRP) and parallaxes. We used a grid computed
using grids of ATLAS9 model atmospheres by Castelli and Ku-
rucz (2003) that contains theoretical values of AG, E(Gbp �Grp),
GBP � GRP and bolometric correction for each set of Te↵ , log g
and [Fe/H] in the range of 3500  Te↵  6000, 0  log g  4
and �4  [Fe/H]  +0.5. E↵ective temperatures (Te↵) and sur-
face gravities (log g) were derived iteratively by the following
procedure: I) a first estimate of Te↵ is made by fixing the metal-
licity at a first guess value and interpolating Te↵ in the grid using
GBP �GRP; II) the bolometric correction is derived by interpola-
tion using the previously derived Te↵ ; III) a first estimate of log g
is made using the bolometric correction and Te↵ ; IV) the extinc-
tion coe�cients AG and E(Gbp�Grp) are derived by interpolation
using Te↵ ; V) G and GBP �GRP are de-reddened using the color
excess E(B-V) from STILISM maps (Capitanio et al. 2017); VI)
the procedure is iterated until |Te↵(i) � Te↵(i � 1)| < 50 K, where
i is the i-th iteration. Once we derived the stellar parameters, we
used GALA code (Mucciarelli et al. 2013) to derive the metallic-

1 http://www.cfht.hawaii.edu/Instruments/Upena/
2 https://www.eso.org/sci/software/esomidas/
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Fig. 4. Spectra of five stars with similar Te↵ and di↵erent v sin i. The
spectra have been normalised and shifted for an easy visualisation.

line profile is dominated by the rotational profile and we can
assume that other broadening e↵ects are negligible respect to
v sin i. On the contrary, for the less rotating stars, the contribu-
tion of macro turbulence in line broadening is comparable to the
rotational contribution, so the values of v sin i obtained for these
stars must be interpreted as upper limits.

4.4. Chemical abundances

5. Discussion

6. Conclusions

Acknowledgements. ANR PNPS
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Fig. 5. [Mg/Fe] abundance as a function of [Fe/H].
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Fig. 6. [Al/Fe] abundance as a function of [Fe/H].
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Efficient way of selecting young massive (rotating) giants ! 
Linda Lombardo et al. in preparation
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Selection of candidates 

Next try: Starhorse (Anders et al. 2019)  
based on GAIA data. Perfect for selecting giants,  

some problem on the metallicity (expected).  

NOT data
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Present selection: 
Starhorse + kinematics (v_tot>200km/s) 

almost 100%!
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Spectra from different facilities: 
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Preview of the results for 
42 targets 

(alpha-elements) 
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MINCE scientific application

… GAIA- Enceladus?

rate/type  of r-process events
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The final goal is publish  all the 
 MINCE results  & data(?) 

in a public database 


