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How do the binary systems interact in a dense stellar environment with a supermassive black hole?
What can we learn about star formation in extreme environments from observations of binary stars?

What is the binary fraction at the Galactic center?



The dense environment interacts
strongly with binary systems

Scattering: large number of distant
interaction from background stars

Tight binaries will get
tighter (hard binaries)

_» Wide-binaries will get

(’” / Cy wider and disrupt (soft
A= X binaries)

e.g.: Alexander 2005; Hopman 2006; Madigan et al. 2014; Stephan et al. 2016, 2019; Generozov & Madigan 2020,

Rose et al. 2024



The supermassive black hole can also
interact with binary systems

Kozai-Lidov mechanism
can cause binaries to
merge

The black hole can
capture one
component of the
binary and eject the
other

,\\—M

A binary star system orbiting the

supermassive black hole can be considered
a hierarchical triple

(e.g. Hills 1988, Yu & Tremaine 2003, Stephan et al. 2016)



Binary star population can test star
formation models around SMBHs

Bonnell & Rice (2008)
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Large fragmentation masses can lead to more binaries
Nayakshin et al. (2007)
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° There were 3 known masswe star
| bmarles at the Galactlc ‘center in 2014
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3 : et al. (2006), Tanner et al. (2006); Peeples et al. (2007), Zhu et al.

(2008); Pfuhl et al. (2014)



Observing strategy: photometry,
spectroscopy, astrometry

S0-2 Combined Spectrum
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Photometry Spectroscopy Wobbles

Need patience to observe the changes!



Photometric dataset
spanning 2006-2022

100 observations in Kp (2.124 um):
2006-2022, 16.30 yr baseline

19 observations in H (1.633 um):
2009-2022, 13.08 yr baseline

O Known Young Star O Old Star ® Sgr A*

Abhimat Gautam
(Postdoc, UCLA)

¢ Likely Young Star (Do+ 2013) O Unknown Age Star

Gautam et al. 2019, 2024



3 eclipsing binary systems found (1 new)

Phase Folded Light Curves for Periodic Sources
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New detection
Gautam et al. 2019, 2024



Binary Search with AO Integral-Field
Spectroscopy

An integral field spectrograph takes
OSIRIS Integral Field Spectrograph at Keck Observatory spectra over many spatial elements



First systematic search for binaries
among the S-star cluster (r < 0.04 pc)
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Devin Chu
(Astronomer, 'Imiloa

Astronomy Center of Hawai'i)

RV Points

620 new RV measurements from:
Keck OSIRIS - 2006-2022 (~2 to 3 x a year)
Gemini NIFS - 2018

~320 Literature RVs from VLT/SINFONI -
2005-2017 (Gillessen et al. 2017) and
Keck/OSIRIS (Do et al. 2019)
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Chu et al. 2018, 2023



Search for periodic signals after
subtracting best-fit orbit model
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From Chu et al. 2018



No binaries were detected at r < 0.04 pc
from the supermassive black hole

Binary fraction of B-stars within 0.04 pc of Sgr A* is < 47% at 95% confidence

1.0
Simulations include:
0.8 = Known binary star mass and period
Sample: c distribution for massive stars (e.g.
16 massive B-type stars 8 Sana et al. 2012)
2 0.6 = Observational cadence and
c uncertainties for each star
[
0 0.4
Need fewer assumptions than with
photometry.
0.2

0.0 0.2 0.4 0.6 0.8
Fraction of Simulations with O Detections

From Chu et al. 2023



Binary star search among WR stars (r

Rory Bentley

Dec offset from Sgr A* (arcsec)

(Postdoc, UCLA)
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We recover +
and 2 new binary o ;
candidates for stars with new § =
RV measurements . |
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Binary faction for young stars is ~70% and
appears to be depend on the distance from

6 I Young stars R,p<0.04 pc Young stars 0.04 pc<R;p<0.5 pcC
> 5 ] *. | (Chu et al., 2023) (this work + Gautam et. al, 2024)
w21 N /
c N
(TR
a4 : AN
> ] \\
= 3- .
'% | \\

2 - ~
Q 47 o
£, ] s — I_ﬁ_‘_
Q1 DT Binary fraction

] ={—r;-l:'.___ 0.69+0.17
O- — e f—— T T T e ]
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Binary fraction

Bentley et al. (submitted) Radial dependence likely from dynamical interactions of binaries

Overall binary fraction is similar other known massive star formation
regions
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