
Goals of the workshop 

Ø to present progress of the Open Clusters Work Package of the SPA (Stellar 
Population Astrophysics) Large Programme at the TNG with GIARPS

Ødiscuss on-going projects and plan publications
Øhear news on similar projects and future instruments/missions
Øpropose new ideas to exploit the SPA data
Ødiscuss follow-up projects.

SPA-OC
Stellar Population Astrophysics – Open Clusters

http://nisp.oabo.inaf.it/SPA_TNG_LP/

Indico page of the SPA-OC Workshop: https://indico.ict.inaf.it/event/2844/

http://nisp.oabo.inaf.it/SPA_TNG_LP/
https://indico.ict.inaf.it/event/2844/


SPA-OC
Stellar Population Astrophysics – Open Clusters

Ø SPA is/was a Large Programme @TNG, PI Livia Origlia
Ø It was approved as A37TAC_31
Ø SPA run for 74 nights (Jun 2018-Nov 2021)
Ø SPA uses GIARPS (=GIANO + HARPS-N)
Ø 3 Work Packages:  Variable Stars (coord. Giuseppe Bono), RSG clusters (coord. 

Emanuele Dalessandro) & Open Clusters (coord. Angela Bragaglia)

http://nisp.oabo.inaf.it/SPA_TNG_LP/

http://nisp.oabo.inaf.it/SPA_TNG_LP/


SPA-OC people

SPA-OC growing participation:
Angela Bragaglia (WG coord.), Javier Alonso-Santiago, Gloria Andreuzzi, Shilpa Bijavara
Seshashayana, Ricardo Carrera, Eugenio Carretta, Giada Casali, Giovanni Catanzaro, Marina Dal 
Ponte, Valentina D’Orazi, Antonio Frasca, Xiaoting Fu, Mingjie Jian, Henrik Jönsson, Sara 
Lucatello, Laura Magrini, Noryiuki Matsunaga, Andrea Miglio, Donatella Romano, Nicoletta
Sanna, Emanuele Spitoni, Monica Tosi, Antonella Vallenari, Nagaraj Vernekar, Ruyuan Zhang …

INAF OAS Bologna, INAF OA Catania, TNG, DIFA U. Bologna, INAF OA Padova, DIFA U. Padova, Uni Tor Vergata, 
PMO Nanjing, Uni Stokholm,  INAF OA Arcetri, ANU, Malmö U., Tokyio U., etc

SORRY if I missed someone !



GIARPS
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Optical + YJHK
HARPS-N + GIANO-B
R=115000  50000



GIARPS : what to we (plan to) get
The usual suspects, mostly from the HARPS-N spectra :

Ø RV
Ø Atmospheric parameters
Ø [Fe/H]
Ø [X/Fe] e.g. 𝛂’s, Na, Fe-peak, Li, …
Ø Vrot
Ø activity indicators

Working on something more from the GIANO spectra :

Ø fluorine (HF, K band, all parameters from IR)
Ø helium  (10830 A chromospheric, Y band)
Ø phosphorus (various lines, Y and H bands)

Tables with results are/will be available at CDS, science-ready spectra (if not 
already public at TNG archive) will be made public [ working on it … ]

HF line at 2335,8 nm

pySME synthetic spectrum

Single, high Vrot

Double spectrum binary



SPA-OC plan
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As part of a wider effort involving Gaia, large surveys (Gaia-ESO, WEAVE, 4MOST), long-running projects 
(BOCCE) we are obtaining optical & NIR HR spectra of high probability OC members, selected using Gaia

1)  a few (giant) stars in a large number of nearby, unstudied OCs è metallicity [abundances]
à ages (via stellar models)
à distribution of metallicity, abundances (chemical map of disk) 

2)  a few ten of stars in key clusters, MS and/or giants è detailed abundances
à test of stellar models (diffusion, mixing)
à test of all nucleosynthetic chains (chemical evolution)
à influence of activity, rotation, binarism

3)  “unusual” elements (e.g. He, F, P)

Legacy value : high quality sample to cross-match with large spectroscopic samples (Gaia-RVS, Gaia-ESO, 
APOGEE, GALAH, WEAVE, 4MOST…) and with asteroseismology samples(Kepler/K2, TESS, and soon PLATO)



Publications SPA-OC
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Stellar population astrophysics (SPA) with the TNG: Measurement of  the 
He I 10830 Å line in the open cluster Stock 2
M. Jian, X. Fu, N. Matsunaga, and 10 moresu
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A&A, 683, A218 (2024)
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SPA-OC topics : know thy star, know thy cluster
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I will only briefly recap the situation about “few stars/many cluster” for the 3 papers published:
-Casali, Magrini, Frasca et al. 2020 : 4 intermediate-age/old OCs, stellar parameters & abundances
-Zhang, Lucatello, Bragaglia et al. 2021, 2022 : stellar parameters, alpha & light elements, cf chemev models

Marina will update the situation with the data she’s analysing with Valentina’s help

I expect all the other papers/topics will be discussed by someone during our workshop



Casali+2020, Zhang+2021,2022
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Collinder 350                   0.59
Gulliver 51                          0.36
NGC 7044.                        1.66
Ruprecht 171                     2.75

Stars

1 (+1)
1 (+1)
4
4 (+3)

Analysis:
Meth.1 EW DAOSPEC + MOOG (automatised: DOOp, FAMA)

Gaia-ESO input line list
Teff, logg, 𝜉, metallicity
solar abundances: Ceres HARPS spectrum (+ Grevesse
et al. 2007 for a few not measurable on that)
Li, C, Na, Mg, Al, Si, Ca, Sc, Ti I,II, V, Cr, Fe I,II, Co, 
Ni, Y, Zr I,II La, Ce, Eu

Meth.2 ROTFIT (𝛘2 minimisation vs ELODIE obs. spectra)
R degraded to 42000
28 100 Å-wide regions 4000-6800 Å
Teff, logg, [Fe/H], v sini, spectral type



Casali+2020, Zhang+2021,2022
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[Fe/H]: (strong) trend with Teff [Fe/H]: offset FAMA-ROTFIT

Why ?
Which one is (more) correct ?
Problem of low(er) metallicity
for cool giants is common

Possible explanation:
-Stellar parameters from spectroscopy wrong (however, fixing logg using Gaia does not solve)
-NLTE effects (however,  DeltaFe < 0.02 dex according to MPIA calculator)
-Line lists (using the list by Tsantaki+2013 does not change situation)
-Model atmospheres (Kurucz instead of MARCS irrelevant) à not good for cool giants 
-Continuum placement



Casali+2020, Zhang+2021,2022
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[Fe/H]: (strong) trend with Teff [Fe/H]: offset FAMA-ROTFIT

Why ?
Which one is (more) correct ?

Cr 350 cooler/lower logg star

Cr 350 warmer/higher logg star

è Use FAMA only for Teff>4300 K 



Casali+2020, Zhang+2021,2022
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Abundances only with MOOG/FAMA
ROTFIT does not produce them, however we could have
done as in other cases (the MS clusters) – see 
Antonio’s and Javier’s talks

C/
H Li

logg                                                     logg

C from atomic lines

Models: standard or mixing induced by rotation
Different for older (Rup 171) and younger OCs



Casali+2020, Zhang+2021,2022
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9 of the 18 OCs (16 new, 2 comparison)

Method:
RV with rvidlines (IRAF) – cf Gaia RVS for binaries (6)
Lines lists for FeI, FeII NOT Gaia-ESO
EWs with ARES
Photometric input parameters (Teff IRFM, logg isochrones)
MOOG (using pymoogi)
Solar abundances Grevesse& Sauval 1998

16 new open clusters 
age 50 Myr-1.5 Gyr 

(+M67 @ 4 Gyr)
Rgc=7.7-10 kpc
40 RGB, RC stars



Casali+2020, Zhang+2021,2022
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9 of the 18 OCs (16 new, 2 comparison)

Literature for M67:
1 Jacobson+2011
2 APOGEE DR16
3, 4 Casamiquela+2017
5 Gao+2008
6 Luck 2015
7 Spina+2021
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Distance from
 plane (pc)

Why a large dispersion in [Fe/H] at young age
Why under-solar
[ already noted, e.g. in Gaia-ESO ]

Ø Age, distance wrong? à Even if true, would not solve
Ø Some (literature) [Fe/H] wrong (rotation, possible

non members, binaries,…) à Not for all
Ø Literature shows that chromospheric effects and 

magnetic fields are strong in young dwarfs and
activity may influence lines à a traditional 1D LTE 
analysis is doomed

Ø New from our work: these problems, always discussed
for MS, PMS, also extends to giants

+ASCC123, 
Praesepe

Casali+2020, Zhang+2021,2022

Chemo-dynamical 
models by 
Minchev (2014)



Casali+2020, Zhang+2021,2022
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Na                                                        Al

Li

Radial distribution (cf APOGEE DR17)

Work on-going on n-capture elements



Casali+2020, Zhang+2021,2022 “problems”
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Analysis not homogenoeus in SPA-OC.
line lists, model atmospheres (minor problem), solar abundances (minor problem)
EWs+MOOG vs ROTFIT, EW measurement DAOSPEC/ARES, MOOG different wrappers
[ and Marina is using/trying other methods ]
èWill need to homogeneise the whole sample, to have a set of 50 clusters (and more, considering OSTTA)

Only HARPS-N used, GIANO spectra untouched for this (used for He, F in a few cases).
èWill have to check consistency optical-IR

Young clusters (which are a fair fraction) have problems. Also, cool giants difficult to analyse (lower 
metallicity than expected)
è Solutions ?  Open to discussion

Do you spot anything else to improve?



Some numbers
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Cluster Nr stars Kind publication
ASCC_123
NGC_7092
Stock2 
Praesepe

17  
2   
10+20
10 

MS 
MS 
G+MS
MS 

Frasca+
Alonso-Santiago2024 (with pilot)
Alonso-Santiago+,Jian+ (GIANO)
D'Orazi+

Gulliver_51  
Alessi_1     
Alessi-Teutsc
ASCC_11      
Basel_11b    
COIN-Gaia_30 
Collinder_463
Gulliver_18  
Gulliver_24  
Gulliver_37  
NGC_2437     
NGC_2509     
NGC_2548     
NGC2681/M67  
NGC_7082     
NGC_7209     
Tombaugh_5   
UPK_219      
Collinder_350
NGC2682/M67 

2
5
1
1
3
1
3
1
1
1
6
1
5
4
3
4
3
1
2
4

G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G

Casali+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+
Zhang+  
Zhang+
Zhang+   
Casali+,Zhang+
Zhang+

King_11     
NGC_6819    
NGC_6791    
NGC_7044    
NGC_7789    
Trumpler_5  
Ruprecht_171

5
4
4
4
3
2
7

G
G
G
G
G
G
G

Shilpa (GIANO)
Shilpa (GIANO)
Shilpa (GIANO)
Casali+,Shilpa (GIANO)
Shilpa (GIANO)  
Shilpa (GIANO) 
Casali+,Shilpa (GIANO)

IC_4756         
LP_1800/UBC_170 
NGC_752         
NGC_6991        
Theia_1214      
UBC_60/C-Gaia_11
UBC_141         
UBC_169         
UBC_194         
UBC_577         
UPK_84/UBC_131  
NGC_6800        
NGC_7086 

17
3
5
6
3
2
2
2
1
4
3
1
2

G
G
G
G
G
G
G
G
G
G
G
G
G

Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)
Dal Ponte+ (in prep)

Alessi_62     
Praesepe
Ruprecht_147  
Hyades        
IC_4756       
Mel20/alphaPer
NGC_2232      
Stock_1       
NGC_6991      
NGC_7058      
ASCC_19 

2
4
2+3
4
10
3
3
7
3
12
16

G   
G
BSS+G
MS  
MSTO
MS  
MS
MS
MS
MS
MS

low SNR
+archive

Ref.OC
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Where to find information on SPA targets
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Google sheet(s) : clusters, stars observed, stars analyzed
Clusters & individual stars observed (Gaia DR2):  
https://docs.google.com/spreadsheets/d/1eRaEC0lhz1RODHXOKmcTR4c6R95IJHEgvfakonFQdWA/edit#gid=0

Sub-sample in use by Marina (Gaia DR3):
https://docs.google.com/spreadsheets/d/1WiXaXFHwk0a-nI8HEHxlj_GZlGU1ig_7u7N482FeqAM/edit#gid=0

Stellar parameters published: 
https://docs.google.com/spreadsheets/d/1OeAEchPCnZ3wXqzQ8Cn9HC3Uf_zQRqt0iBzcNctUqXQ/edit#gid=0

Spectra 1d (mostly HARPS-N) : Google drive
https://drive.google.com/drive/folders/0AJHr77Udj7LKUk9PVA

In doubt, ask Angela

IMPORTANT: Please,
Ø provide TABLES with results in (easily) readable format, e.g. ascii, csv, spreadsheet à sent to CDS if not already there
Ø provide SCIENCE READY spectra (stacked, normalized, etc) to be made public on Google drive

https://docs.google.com/spreadsheets/d/1eRaEC0lhz1RODHXOKmcTR4c6R95IJHEgvfakonFQdWA/edit
https://docs.google.com/spreadsheets/d/1WiXaXFHwk0a-nI8HEHxlj_GZlGU1ig_7u7N482FeqAM/edit
https://docs.google.com/spreadsheets/d/1OeAEchPCnZ3wXqzQ8Cn9HC3Uf_zQRqt0iBzcNctUqXQ/edit
https://drive.google.com/drive/folders/0AJHr77Udj7LKUk9PVA


Where to find information on SPA targets
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Clusters & individual stars observed (Gaia DR2):  
https://docs.google.com/spreadsheets/d/1eRaEC0lhz1RODHXOKmcTR4c6R95IJHEgvfakonFQdWA/edit#gid=0

https://docs.google.com/spreadsheets/d/1eRaEC0lhz1RODHXOKmcTR4c6R95IJHEgvfakonFQdWA/edit


Where to find information on SPA targets
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Stellar parameters published: 
https://docs.google.com/spreadsheets/d/1OeAEchPCnZ3wXqzQ8Cn9HC3Uf_zQRqt0iBzcNctUqXQ/edit#gid=0

https://docs.google.com/spreadsheets/d/1OeAEchPCnZ3wXqzQ8Cn9HC3Uf_zQRqt0iBzcNctUqXQ/edit


Where to find information on SPA targets
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Stellar parameters published: 
https://docs.google.com/spreadsheets/d/1OeAEchPCnZ3wXqzQ8Cn9HC3Uf_zQRqt0iBzcNctUqXQ/edit#gid=0

ASCC 123
Stock 2

https://docs.google.com/spreadsheets/d/1OeAEchPCnZ3wXqzQ8Cn9HC3Uf_zQRqt0iBzcNctUqXQ/edit


Where to find information on SPA targets

23

Spectra 1d (mostly HARPS-N) : Google drive
https://drive.google.com/drive/folders/0AJHr77Udj7LKUk9PVA Data reduction:

HARPS-N spectra:
pipeline reduction

GIANO-B spectra:
1-all SPA data

Nicoletta Sanna
Tino Oliva (tellurics)

2-new data
TBD

https://drive.google.com/drive/folders/0AJHr77Udj7LKUk9PVA

