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Characteristics
* First Stars and Galaxy =
formation and * Mjnit. = Sé\/I@
evolution * Trorm~10years
(Tan et al. 2014)
. .. ~106
« Nucleosynthesis and Tiire~10"years
feedback * >90% are foundin a Q

multiple system while on
the main sequence

* >30-40% are short-
period close-in systems

« Supernova and
compact objects

* Gravitational waves
sources
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(e.g. Sana et al. 2012, 2014, Moe &

\DiStefano 2017, Offner et al. 2022)/
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Primary Mass M, (M) =

Gravity Collaboration et al. 2018 o - - + Offner et al. 20@3 (PP7 review)
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To understand when and how multiplicity is set, we must look
backwards to the star formation history.
To understand how multiplicity evolves, we should look at different
stages across the life of massive stars.

Multiplicity
o
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1 10
Primary Mass M, (M) =
Offner et al. 206 (PP7 review)
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== Example of QZ Car (HD 93206)
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Multiplicity of young
O stars in M17 with,
VLTI/GRAVITY
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M 17 Star-forming region

In the Carina-Sagittarius spiral arm

One of the :

- Closest: 1.687313 kpc Kuhn+2019

- Most luminous: 3.6x10°Lg  Povich+2007
- Youngest: ~1 Myr Hanson+1997
Star-forming region in our Galaxy

J0.0* 09000

1.00018'

—_—

Low radial velocity dispersion
— lack of short period binaries Sanaetal. 2017
— good test for the migration scenario
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NOT short-period
Separations range from
1.2t0 120 au

~@ SMASH-PIONIER (H-band)
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1. Mechanisms for multiple formation

(a) Filament Fragmentation

&

(b) Core Fragmentation

(c) Disk Fragmentation

(d) Capture
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At ~ 0.5 Myr 0.2 Myr 0.1 Myr 1 Myr
AL ~0.01 - 0.25 pc 0.01-0.1pc 10 - 500 au <1pc
(J 0
Offner et al. 2022 .
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Migration through interactions with the disk

migration
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Orbital parameters of
massive hierarchical
triples with +,
VLTI/PIONIER




= Why hierarchical triple systems? =
0 . + . = =
Large fraction of O stars are . . S
9 . . . M17 > young massive stars TIC ,47071032.7 ) ) 5
found in triples (or higher- Bordier+2022 A-B: 1.10d eclipsing binary
order multiples) C: 52.04d
+2014, Offner+2022 g
Sana+2014, Otfner+20 — McOMasg | -
o0 o 2 h Eisner+2022
Spectral Type a0 | i 0s .
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« Discriminate between different formation and evolution scenarios
* Place constraints on theoretical models E
« Understand the interactions and effects of multiple stars
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outer orbit

interferometry

020, Kummer+2023

Pout -7

i

1

Inner MT - 67.3 + 0.9 %
Outer Orbit Unbound - 189 + 0.7 %
Inner Orbit Unbound - 10.0 + 0.6 %
Tertiary MT - 1.8 + 0.2 %

Dynamical Destabilisation - 1.7 &= 0.2 %
Non-Interacting - 0.2 £+ 0.1 %

(VZKL cycles: Spectroscopy er and outer binary Poui~5P;,- stable A
orbit hierarchy and new
— angular momentum is exchanged between the orbits. evolutionary pathways
— e, and i,y vary periodically open up compared to
KH acts on a timescale mostly dependent on P2,,/P;, and e, ) binary evolution y
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ge——— The following results are submitted - Bordier et al. 2025 subm. O O.
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/' ONLY ONE massive triple is fully

“interferometric”
* Lack of triples with wide inner periods

* Full orbits need to be determined, to

\ have the relative inclinations
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== The formation of companions o . =
+ o

o
- J. Companions can form at different scales through fragmentation
L Q
(a) Filament Fragmentation (b) Core Fragmentation (c) Disk Fragmentation Q S o
' °
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At ~ 0.5 Myr 0.2 Myr 0.1 Myr +
AL ~ 0.01 - 0.25 pc 0.01 - 0.1 pc 10 - 500 au
0
Offner et al. 2022
= Q

2. Dynamical evolution affecting the binary statistics and evolution,
Migration through interactions with the disk Von Zeipel-Kozai-tidov (ZKL) cycles in the
case of triples o * 4 +

®Outer star

(d) Capture
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First VLTI/MATISSE °© XzI
observations of the ==
core region of IR§4)3 in . ' . .
The vicinity of SgrAx . s




“The IRS 13 cluster =

2004 NACO L-band




“IRS 13 stellar content o

2.2um (K,)

« Atleast 12 stars in the core region of IRS13
« Many early type stars (young stars):

E1: OB supergiant (O5I)

E2: WNS8
E4: WCO
= « IMBH of 103~*M, ?
* Strong dust emission whose origin is still under
L debate )

0.66” (1 light month)

NACO K-band



+ Nature of E3: an IMBH or colliding winds? o . =L

(a) H30ar mom.0
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5 IRS 13N ™\,
7/ \
7 \
7 \
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e Concentration of

: warm dust and gas?
! 24 RS 13E

«  THE IMBH of IRS 13?

\ ( §
~~ 4 v, +  Colliding winds from
= > & , - E2 and E4?
IRS13E 4 ’
1 arcsec O & J
0 39.85° 39.80° 39.75% 17"45™39.7I
RA (J2000)
Chandra 2-8 keV ALMA H30«a



VLTI/MATISSE
o Observations

Quick overview of the data
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.0 === * Observed during MATISSE technical time in 2023
: o « UT3 problem
C « E3 notobserved - E1 & E2
= @ = — Only 3 visibilities and 1 closure phase
° : + Unstable weather conditions:
+ > Seeing ~1.5-2"
2t | Coherence time ~2ms.
Q 0O
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oo o Yo UT4: photometry issues
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*VISIBILITY and CLOSURE PHASES -
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“*What can we tell from these observables? . -
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.- Modelling with,
.. LITPro and PMOIRED

Two parametric tools to fit geometric models to
the interferometric observables

R MOIDED
g. - LITpr & //%////// 'V/:,E’me/)




“*+What can we tell from these observables? .

Visibilities (|V])
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(x,y)=(0,0)
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Flux?
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Dust/gas

Surrounding
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Gaussian/
Uniform disk
BB: T~500K
FWHM/diam?

Position? Flux?
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0 (mas, increasing towards North)

40 20 0 -20 -40
o (mas, increasing towards East)

‘ es : Plot visamp versus spatial frequency

I~ 9.04e-07]

7.53e-07

6.02e-07]

4.52e-07

3.01e-07

1.51e-07|

0

Work done by Lionel Woglo
Bachelor thesis

- visamp (data) -

. | | . | . 1 | . | | | \ | | | |
1.0 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
spatial frequency (1/rad)

visamp (model) = ™Y

x107

\

Geometric model.

Unresolved central star

(x,y)=(0,0)
T> 25,000K

Surrounded by a Gaussian disk:
FWHM > 25 mas
T~350K

== O




PMOIRED

AU at
w=1.75mas
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Q ] =
O °
O (e}
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Geometric model: x? =212 . S
i Q
0.8
14 . | Unresolved central star S———
I |/ 2| =00 =
Y S A </ | T>25,000K
/s o v/ 5/
/ g/
> d 7 77+ | Surrounded by a Gaussian disk (>90% of the
0.0 - T ,V* emission)
7 . FWHM ~ 30 mas
af - T ~ 550 K
> & v *
27 , b vgz b, x&i R A
0 “‘;‘, %, Vol vy N ’::r T, Fully resolved feature that extends above
. RV % v . 240 au around the central star
7 , - | + Dust from an envelope?
20 3x10t4x10t . Effects of a stellar disk?




SED

Fromm NACO observations HKLM bands

Work done by Lionel Woglo

Bachelor thesis —t =
o
[ ] O e
o = g
SED reconstructed with HYPERION D = =
g + Q +

Table 3: Magnitudes and flux densities

El E2
Band | Magnitude | Flux [Jy] Magnitude | Flux [Jy]
H 12.23 £0.52 | 1.11 £ 0.50 | 12.38 & 0.55 | 0.98 £ 0.46
K 9.97 £ 0.60 | 1.03 & 0.48 | 9.96 + 0.60 | 1.05 £ 0.49
L 8.60 £ 0.57 | 0.53 £ 0.19 | 8.05 £ 0.56 | 0.88 £ 0.31
M 6.99 + 0.67 | 1.32 = 0.54 | 6.40 £+ 0.67 | 2.06 £ 0.86

o
3.0

—— Total emission (Star+Dust)
=== Star: T=25000 K, R=42.0 Rs
2s —-= Dust: T=330 K, R=195.0 AU
- Calibrated Total Flux of MATISSE
¢ NACO Datapoints

Flux density [)y]

o

0.5

0.0
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“*+What can we tell from these observables? . -

Visibilities (|V[)
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Bordier, Woglo et al. 2025 in prep.
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PMOIRED

[

Geometric model:

 Star (unresolved punct)
+ Envelope/ Disk:
Gaussian : FWHM =33 + 12 mas
90% of the flux
2nd star (unresolved punct):
17~20,000K
diam~ 8+1 mas
p~60 mas —» a~ 480%x37 au
3rd star (unresolved punct):
17~20,000K
diam~ 7£1 mas
p~48 mas —» a~ 370x38 au
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- VLTI/MATISSE observations: it is possible to resolve N

objects in this region
- Nature of the close environments of E1 & E2 in the
larger context of the GC environment

- E1isan OS5l star: >90 % are in multiple systems
- IRS 13 behaves as other massive clusters?
o - Are we finally detecting massive binaries in the GC?

o | - Success of these observations motivates further
: investigations: ERIS/GRAVITY (+)
- And request observations of E3

o (K J

sDec N - (mas)
.

Credit slide design: slideso.c
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