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high-precision asteroseismology in dense stellar 
fields

recommended as one of the five candidates 
for the first medium-sized mission of Voyage 
2050.  
 
currently in Phase0, undergoing CDF at 
ESTEC  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haydn: science goals

• Provide the most accurate benchmarks for the calibration of the cosmic distance 
and absolute age scale

• Enable the calibration of models of single and binary stars at low metallicity, 
which is key to interpret stellar populations in the early Universe,

• Provide the ultimate data for stress-testing stellar models at near-solar 
metallicities, including solar analogues,

• Elucidate the assembly history and chemodynamics of the Milky Way’s bulge, 
and the origin of multiple populations in globular clusters,

• Characterise stellar binary populations, which are potential gravitational wave 
factories for the future missions,

• Detect exoplanetary systems in homogeneous environments and dense stellar 
fields.

radically improve our understanding of the building blocks of cosmic structures
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haydn: the context

our understanding of stellar structure and evolution underpins most of 
astrophysics

stars are formidable physics laboratories

however

high-precision tests of stellar models limited, until…

CoRoT, Kepler-K2, TESS
the "space photometry revolution”

global, resonant oscillations detected in 
tens of thousands stars in the Milky Way
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the space photometry revolution: discovering the potential of asteroseismology

precise, accurate stellar properties (e.g. radius, mass, age)

characterise exoplanetary systems

haydn: the context

A.

Credit: Gabriel Perez Diaz/Instituto de Astrofisica de Canarias
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the space photometry revolution: discovering the potential of asteroseismology

haydn: the context

A.
use stars as fossils to reconstruct the assembly and chemo-
dynamical history of the Galaxy  

Gaia 
astrometry                                  

140 180160
frequency [μHz]wavelength [nm]

860+ +
asteroseimologyspectroscopy

850

precise, accurate stellar properties (e.g. radius, mass, age to 
~10%)
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the space photometry revolution: discovering the potential of asteroseismology

high-precision stellar physics

haydn: the context

B.

internal rotational profile

chemical composition 
gradients

density stratification
stellar interiors 
and their evolution 
accessible to our 
investigations

e.g.
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CoRoT, Kepler-K2

TESS

designed primarily for planet searches: wide field, bright targets, large pixel 
sizes

PLATO

haydn
have demonstrated the potential of asteroseismology (in 
clusters)
observational strategy not optimised for 
stellar / galactic science

overcome these limitations i.e.

a simple mission concept strongly based on heritage from 
CoRoT, Kepler, and the knowledge being developed for 

by measuring the frequencies of hundreds or thousands 
of stars that belong to controlled environments or key 
building blocks of galaxies

Giornate INAF 2023, 2—5 Maggio 2023, INAF-Osservatorio Astronomico di Capodimonte



high-precision stellar astrophysics:SO1 need to perform tests in controlled 
environments, i.e. stellar open and globular 
clusters

haydn: science objectives

Transport of chemical elements in the stellar interior

Core rotation and transport of angular momentum 

Mass loss on the RGB

Occurrence of mergers / 
products of binary evolution 

high-precision tests of stellar 
models, especially in the 
metal-poor regime (early 
Universe)

Tests of fundamental physics   

benchmarks for the calibration of 
the absolute stellar age scale and 
the cosmic distance scale

from Gaia CMDs to seeing the internal structure of hundreds of stars along 
isochrones
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evolution, formation and dynamics 
of stellar clusters

SO2

haydn: science objectives

Globular clusters formation from absolute ages 

Origin of multiple populations 

Measuring helium content in GCs with 
asteroseismology

NASA, ESA, and the Hubble Heritage (STScI/AURA)-ESA/Hubble Collaboration 
Acknowledgment: J. Mack (STScI) and G. Piotto (University of Padova, Italy)

47 Tuc

assembly history and chemical evolution of the 
Milky Way’s bulge and few nearby dwarf 
galaxies. 

SO3

key yet complex component:  
disentangle the composite bulge 
population and its formation history

Gaia-based distances for ~200 million stars (Anders et al. 2019)

Data: ESA/Gaia/DPAC, A. 
Khalatyan(AIP) & StarHorse team; 
Galaxy map: NASA/JPL-Caltech/R. 
Hurt (SSC/Caltech)

Credit:
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haydn: INAF + italian contribution
HAYDN PI: Andrea Miglio (UniBo + INAF 
associate)

supported by ASI

Key roles in:
Target+field selection: L. Girardi, V. Nascimbeni (OAPd), A. Bragaglia (OAS-Bo)  
Optical design: D. Greggio, D. Magrin, R. Ragazzoni 
(OAPd) → likely to be followed by build-contract 
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haydn: INAF + italian contribution

 
asteroseismology 
stellar models 
cluster formation+evolution  
spectroscopy 
exoplanets 
Galactic archeology 
…

Ubiquitous presence in the Science Consortium:

chairs of Science Working Groups + members of science consortium
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consortium structure
consortium of 200+ contributing scientists & engineers 

science team and national Co-Is
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organised in science working groups
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consortium structure
organised in science working groups
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consortium responsibilities
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consortium structure

payload consortium roles
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3 Scientific requirements

Table 1: Preliminary list of targets

ID
RA,
Dec
(in �)

age(Gyr),
[Fe/H], dis-
tance(kpc)

#
Stars1

Obs.
Time
(months)

Prio-
rity2 Comments / reasons to observe

47Tuc/
NGC104

6.02,
�72.08

13,
�0.8,
4

7305
4350
4192

18 P0
Multiple populations (on RGB and
RHB) at the same [Fe/H]. Many evolved
BSS. SMC stars in the background.

M67/
NGC2682

132.85,
11.81

4,
0,
0.9

2880
469
408

9 P0
Di↵usion, solar analogues, stars with
small convective cores, BSS.

!Cen/
NGC5139

201.5,
�47.5

12,
�1.5,
5.4

21093
9047
1902

6 P0
Core of a dwarf galaxy, multiple
populations with di↵erent [Fe/H], infer
star formation history

Baade’s
Window

270.8,
�30.0

3 to 11,
�0.3 to +0.3,

8
52124 6 P0

Infer the bulge’s complex star formation
history

M4/
NGC6121

245.8,
�26.5

12,
�1.2,
2.2

7385
1225
431

3 P0 The closest globular cluster

M22/
NGC6656

279.0,
�23.9

13,
�1.5,
3.2

28698
837
388

3 P1
A scaled-down !Cen, with spread in Fe
and neutron-capture elements

NGC7789
359.2,
+56.7

1.5,
0.0,
2.1

15087
1550
114

3 P1
Very rich, compact intermediate-age
cluster

NGC188
11.8,
85.2

7.1,
0.14,
1.7

4039
446
55

3 P1 Very old, metal-rich open cluster

NGC2243
97.39,
�31.28

3.5,
�0.5,
4.4

5363
98
38

3 P1
Solar age, metallicity 1/3 solar open
cluster

NGC2506
120.0,
�10.76

1.6,
�0.2,
3.5

10423
584
69

3 P2 Open cluster with many core-He burners

NGC6752
287.5,
�60.0

12,
�1.5,
4.0

7096
1385
1205

7 P2
The classical, well behaved globular
cluster at the peak of the GC metallicity
distribution

NGC6397
265.0,
�53.7

13,
�2.0,
2.5

19108
1489
149

3 P2 Low-metallicity GC

M54 & Sgr
dSph

283.8,
�30.5

11,
�1.4,
27

20244
244
77

7 P2
The closest extragalactic dwarf and its
nuclear cluster

M11/
NGC6705

282.75,
�6.28

0.32,
0.14,
1.7

30131
785
31

3 P2
Open cluster, outskirts of bulge in the
background. With intermediate-mass
core-He-burners

NGC2818
139.04,
�36.6

0.83,
0.0,
3.1

11269
149
15

3 P2
Interesting age range, but few
core-He-burners

1Three star counts are presented for every cluster (from top to bottom): the total number of stars with

G  16 in a 1� radius field, the likely clusters members with G  16, the members with detectable solar-like

oscillations (see Fig. 6). For Baade’s Window, we present only the last number. Given the crowding that

a↵ects Gaia catalogues in the densest fields, and the limited radius for which cluster members were identified

by Cantat-Gaudin et al. (2020) for OCs and Vasiliev & Baumgardt (2021) for GCs, all these star counts

are lower limits; further refinements will be done using later Gaia data releases and HST images.
2P0 = high-priority target, to be observed during the nominal mission (3.5 yr); P1 = to be observed in 1-year

extension; P2 = other possible targets, with priority to be reconsidered during Phase A.
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Mission programmatic overview
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