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SPA - Stellar Population Astrophysics
The detailed, age-resolved chemistry of the Milky Way disk

THE ASTROPHYSICAL CONTEXT
a golden era for stellar pops astrophysics
Gaia, VVV, PTF, OGLE, LSST + MOS surveys as Gaia-ESO, GALAH, APOGEE, WEAVE, MOONS-GAL 
and 4MOST are setting the observational framework for an exhaustive description of the MW structure, 
kinematics and global chemical properties with high statistical significance

still sparse/missed
complementary truly high resolution (>40k) spectroscopy of representative sub-samples of stars for 
an exhaustive description of the detailed chemistry and nucleosynthesis of the various MW stellar 
pops

only echelle spectroscopy with simultaneous high resolution + wide spectral coverage potentially
allow the measurements of the full set of chemical elements of interest and with the necessary high 
precision to constrain scenario and timescales of stellar structure formation, evolution and  chemical
enrichment



the bright Universe
with 4m-class telescopes &

high res (40k+) spectrographs

quantitative stellar spectroscopy down to 
~12 AB mag
Galactic disc stars in a wide range of ages
& evolutionary stages
detailed chemistry, kinematics (RV, rotation), 
m.f., chromospheric activity, winds, mass 
loss etc.
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simultaneous optical+NIR high resolution spectroscopy at 4m-class telescopes
widest spectral coverage in a single obs è maximizing the astrophysical information 

Southern emisphere
Ø ESO La Silla 3.6m – HARPS-S + NIRPS (no K-band)

Northern emisphere
Ø CalarAlto – Carmenes (NIR with gaps and no K band)
Ø TNG – HARPS-N + GIANO-B (YJHK)



http://nisp.oabo.inaf.it/SPA_TNG_LP/
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first, comprehensive high resolution, age-resolved, multi-element
chemical maps of the field and cluster/association stellar pops in the
- Solar neighborhood
- inner & outer disk 
- young Scutum & Perseus complexes
thus tracing

- radial /Azimuthal gradients
- age-chemistry-kinematics relations 
- cosmic scatter and other inhomogeneities of abundances and  

abundance ratios
- modes and timescales for cluster formation & evolution
- gas inflows, interactions with the host sub-structures

enabling critical tests of stellar evolution & stellar physics



THE SPA TEAM is composed of 42+ researchers from INAF and other
national and international institutes
PI: L.Origlia
WP Responsibles: G.Bono (Variable stars)

A.Bragaglia (Open clusters)
E.Dalessandro (Massive stars, young clusters) 

Co-Is : J.Alonso-Santiago, G.Andreuzzi, E.Carretta, G.Casali, S.Cassisi, R.Carrera, 
G.Catanzaro, G.Cescutti, V.D'Orazi, C.Fanelli, G.Fiorentino, A.Frasca, L.Inno, 
A.Lanzafame, S.Lucatello, L.Magrini, M.Marconi, A.Mucciarelli, E.Oliva, M.Rainer, 
D.Romano, N.Sanna, L.Spina, O.Straniero, M.Tosi, A.Vallenari, R.Zhang

Co-Is from foreign Institutes: V.Braga, T.Cantat-Gaudin, X.Fu, K.Fukue, H.Hartman, 
N.Kobayashi, O.Kochuckov,  B.Lemasle, N.Matsunaga, M.Monelli, N.Ryde, B.Thorsbro
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THE LARGE PROGRAM - Timeline
ü request of 80 nights in 6 semesters
ü 15% cut applied by the TAC to fulfill the 85% ceiling of the TNG time assigned to LPs
ü granted 68 nights of observing time in 6 semesters (AOT37-42, 2018-2020)
ü 66 nights of open shutter:  56 nights of good data,  10 nights of poor data (focus 

problems, very bad seeing (>2’’), clouds etc.)

ü 6 nights of compensatory time in 2021 (4 already executed in July, 2 scheduled for 
next November)
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in 2018 and 2019 most of the SPA observations were executed in visitor mode
the SPA Team acknowledges the TNG staff for executing the SPA observations in service 
during 2020 and 2021 due to COVID-19



THE LARGE PROGRAM – Observations: Targets
Ø red/reddened stars: Mira & type 2 Cepheid variables, RSGs in the Scutum complex

too faint in the visual to be observed with HARPS-N è only near IR GIANO-B spectra

Ø stars in open clusters, in the Perseus complex, Classical Cepheids, RSGs with low
reddening è bright enough both in the visual and in the NIR to be observed with GIARPS

warm Cepheid cool Mira

atomic + a few molecular lines atomic + many molecular lines

GIANO-B

OC old red giant OC young MS star

HARPS-N
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THE LARGE PROGRAM – Summary
540+ stars in the disc field and clusters/associations well spread in age [10Myr-10Gyr], 
in Galactocentric distances [3-12 kpc] and in the X,Y plane
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THE LARGE PROGRAM
exploring a new space of parameters in 
high resolution stellar spectroscopy

stellar parameters & full set of iron-peak, CNO, alpha, 
light & neutron-capture element abundances for 
RSGs
K-M spectral types [i.e. Teff~3400-4200 K, log(g)~0.0]
Ø GIANO-B (300+ atomic+molecular lines) and HARPS-N 

(100+ atomic lines) spectra

Miras and other massive AGBs
giants with late-M spectral types [i.e. Teff<3500 K]
Ø GIANO-B spectra
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THE LARGE PROGRAM – Progress Report
ü data reduction completed for all the stars observed so far (Periods 37-43)
ü science analysis in progress, completed for about 40% of the observed targets
ü advertisement of SPA at several conferences/workshops 
ü publication strategy

- results for suitable group of stars and/or clusters in a serie of papers on A&A and other Main Journals
- a few papers deal with calibrations and/or methodologies
- a few papers will discuss the global picture of the disc chemistry and formation scenarios

ü milestones
- January 21, 2018:  notified that SPA LP was approved è kickoff of the project
- June 29, 2018:  observations started
- August 2019: first SPA refereed paper published on A&A
- November 25, 2020: observations ended
- February 2, 2021: notified that SPA LP was granted 6 nights of compensatory time 
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THE LARGE PROGRAM – Progress Report
ü publication record

from the first 40% science analysis
- 9 papers already published, 1 submitted, other 5 currently drafted
- first 5 papers published between end of 2019 and 2020 already count 34+ citation
from the remaining 60% science analysis
- 20+ papers in the next 2-3 years

expectations for highly innovative scientific content and overall legacy value for 
astrophysics are going to be well accomplished



SPA - Stellar Population Astrophysics
The detailed, age-resolved chemistry of the Milky Way disk

intermediate-age open clusters: individual
M4 (Praesepe): 
int age, d~185pc
abundances for 8 
chem elements
in 10 MS stars
[Fe/H]=+0.21±0.01dex

ASCC123: 
young, d~240pc
abundances for 21 
chem elements
in 12 MS stars + Li
[Fe/H]=+0.14±0.04dex

Stock 2: 
int age, d~300pc 
abundances for 22 
chem elements in
29 MS+giant stars

[Fe/H]=+0.14±0.04dex
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open clusters: survey
15 giant stars in 4 OCs
d ~ 370pc – 3.2kpc   
age ~ 360Myr – 2.8Gyr

RVs, stellar parameters and
abundances for 16 chem elements
+ C and Li in a few stars

40 giant/RC stars in 18 OCs
d ~ 500pc - 3kpc, 50 
age ~ 50 Myr - a few Gyr

RVs, Teff, log(g), vmicro, and [Fe/H]
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The Scutum complex
RGC~3-4 kpc,  AV >10 mag
GIANO-B spectra of 11 RSGs
in Alicante 7 and Alicante 10 
associations near RSGC3

- sub-solar [Fe/H] è dilution by metal-poor halo gas
driven there by dynamical interactions

- about solar-scaled alpha, iron, 
neutron-capture elements

- [C/Fe] depletion, [N/Fe] enhancement, 
low 12C/13C è CN cycled material
and extra mixing

- DIB at 1317.8 nm è powerful
reddening indicator for AV >5
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The Perseus complex
RGC~10 kpc,  AV < 2 mag
GIARPS spectra of 27 RSGs of K-M spectral type within a 
projected area of ~10 deg on sky, hosting a number of young
star clusters and associations, the densest being h,chi Per, 
NGC457, NGC654, NGC633

- Gaia EDR3+SPA obs è 7 co-moving clusters + an extended halo around h,chi Per 
kinematics and structural properties consistent with an ongoing formation of a 
massive cluster through hierarchical assembly

- homogeneous chemical abundances of Fe (half-solar), iron-peak, 
alpha and  several other light and heavy elements over the entire
10deg area 

- depleted [F/Fe] and [C/Fe], enhanced [N/Fe] and low 12C/13C

- warmer (likely less massive) K-type RSGs less luminous and 
less mixed than cooler M-type RSGs
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NIR diagnostics
GIANO-B Arcturus spectrum è lab to verify linelists
- new diagnostics tools to derive stellar parameters and chem abundances in cool stars
- variability of the He I line at 1083 nm tracing chromospheric activity
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THE LARGE PROGRAM – Lessons learned
Observing time cap
- design of a LP è trade-off among several parameters & strategies to optimize observational procedures,
to mitigate non-optimal observing conditions, to maximize scientific output 

- more effective if the observing time cap (in total and for each semester) for a LP is mentioned in the
Call for Proposals, thus enabling the design of a LP tuned to it since the beginning, rather than adjusting it
a-posteriori (with unavoidable scientific drawbacks)

Observing in non-optimal weather conditions
- variable and occasionally non-optimal weather conditions, especially during winter time è strategical to 
select targets bright enough to be observed also when seeing is >1" and sky is not fully transparent

- SPA achieved 97% of open shutter and >80% of usable data also since
~50% of the targets not seeing/sky critical
~15% especially bright to be observed in prohibitive conditions when most of the other telescopes were closed

Compensatory time
- some recovering of the time lost either for technical issues or bad weather is scientifically critical
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THE LARGE PROGRAM – Lessons learned
Visitor mode: second observer
for relatively long runs with  GIARPS, a second observer paid by the TNG has been very valuable
- more efficient real-time control of the observations and the scheduler
- off-line quick-look reduction and science analysis to check the quality of the acquired spectra
- an opportunity for young students and other beginner observers to be properly introduced to high resolution
spectroscopic observations

Service observing
a direct interaction with the TNG observer before starting the observations has been very valuable
- to clarify some aspects of the program and the observational strategy
- to update the schedulers if needed

Science training
SPA LP with GIARPS at TNG è
a formidable astrophysical gym in view of HIRES at ELT



happy 25th birthday TNG!    and … wish you many more …



un abrazo sentido a la población de La Palma afectada por el volcan

LP2/LP3 18 October 2021


