Evolution of G2 a decade after
Its closest encounter with Sgr A*

|

Sean A. Granados!
3rd year graduate student \[ACTIC CENTER
A. Ciurlo!, A. M. Ghez!, M. Morris?, R. Campbell?,
G. D. Martinez!, A. K. Gautam?, T. Do!, Z. Haggard!, S. Sakai?, S. Naoz!

1: UCLA, 2: W.M. Keck Observatory



Observations in the NIR of the 10” region around Sgr A*
reveals stars, dust, and “G-objects” interacting with the SMBH

2016-05-17

Properties:

- No stellar emission*
“G-objects” (Ciurlo+ 2020)

G2 Prediction: With a closest
approach of ~150 AU, a dusty gas
cloud would tidally disrupt in 2014...

K’ (2.1 pm) earth masses
L’ (3.8 Um) (Gillessen+ 2012)
Ms (4'7 p'm) * but see Eckart+ 2013
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No disruption observed in dust or gas of G2 close to
periapse .. hidden stellar mass core?

What are the G-objects?
How were they formed?
@® Clouds of gas and dust formed by interactions

between stellar winds + ambient medium?
(e.g., Gillessen+ 2026)

® Enshrouded stellar mass core formed by binary
mergers? (e.g., Phifer+ 2013)
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Answer may lie in G2’s evolution after its closest encounter
with Sgr A*

G2’s dust evolution with imaging G2’s gas evolution with spectroscopy
observations observations
| e Drag Kepler GR
NIRC2 (WITZEL+ 2014, PHIFER+ 2013) ; I ]_ . ; /;;
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2004 2014 2025
Time byrs] NStarOrbits (Martinez+ 2022)
@® Flux evolution 2016 - 2025 @® Robust orbit model comparison
@® Temperature & color change @® Gas flux evolution 2006 - 2023
between 2005 and 2016 ® G2’sorigin
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G2’s dust component is carefully extracted by removing flux
of nearby stars

L’ (3.8 pm) |

SgrA* .

E G2 (expected)
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G2’s dust has reddened shortly after periapse

T
Observations show that from 2005 to 2016:

® AL’ =-0.8, AMs =-1.7

@ AColor ~ 1.0 £ 0.5 magnitudes
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Do our observations favor a stellar-mass core or core-less
cloud model for G2? Simulating the expansion...

From our simplified toy model, we compute
these relative quantities at periapse:

® Magnitude change

® L’ and Ms color change

=

@ Dust temperature change

Sean Granados ﬁ%f‘*é@bgp* 8



Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
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results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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Our observations favor a stellar-mass core for G2 given the
results of our simplified toy model
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More support for the stellar-mass core: G2’s gas flux
moderately dims over time, contrary to core-less model
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More support for the stellar-mass core: G2’s gas flux
moderately dims over time, contrary to core-less model
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After robust orbital modeling, G2’s gas is confirmed to
interact with the ambient medium around Sgr A*

: —— Keplerian Model

—— Drag Model
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G2 is unlikely to originate from the Wolf-Rayet binary
IRS16SW, contrary to core-less cloud origin hypothesis
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Summary

® By observing G2’s evolution after its closest approach, we aim to place
constraints on the G-object’s nature and origin.

® Dust results: G2’s dust flux, color, and temperature change from pre to post
closest encounter favor a stellar-mass core model, but more complex
simulations and continued observations are needed.

® Gas results: G2’s gas flux moderately dims over ~10 years after periapse,
contrary to core-less cloud predictions.

® G2 is unlikely to have originated from IRS16SW as a core-less cloud.
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EXTRA SLIDES

24



More support for the stellar-mass core model: G2’s gas flux
remains constant up until 2021, where it dims slightly
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G2 is unlikely to originate from the Wolf-Rayet binary
IRS16SW, contrary to recent hypothesis

3D Separation Between G2 and IRS16SW
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G2 is unlikely to originate from the Wolf-Rayet binary
IRS16SW, contrary to recent hypothesis

G2 relative to IRS16SW at closest approach
t =1984.97, 3D sep = 7567 AU
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G2 is unlikely to originate from the Wolf-Rayet binary
IRS16SW, contrary to recent hypothesis

G2 relative to IRS16SW with bow shock
t =1984.97, 3D sep = 7567 AU
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G2 is unlikely to originate from the Wolf-Rayet binary
IRS16SW, contrary to recent hypothesis
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G2 relative to IRS16SW with 3D bow shock
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Tail is marginally spatially associated with G2’s dust or

gas

Boundary defined as 10x the

0.0t median pixel intensity g
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One particular G-object, G2, was observed in 2012
undergoing tidal interactions near Sgr A*!

Orbit fitting of its gas reveals
eccentric orbit towards Sgr A*!

Resolved tidal interaction
observed in Bry!

Closest qpproqch 150 AU |n 2014
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After robust orbital modeling, G2’s gas is confirmed to
interact with the ambient medium around Sgr A*

: —— Keplerian Model
[— Drag Model
4+ SgrA*
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@® Consistent with Gillessen+ 2019,
number density of ambient
medium ranges:

n(150AU) = 1.83...3.27 x 10° cm*3

® Angular momentum
magnitude of gas orbit
changes with time:

Semi-major axis shrinks ~ 70%

o orbifeMi392%,:i2%%ion is
constant over time
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