INTRODUCTION

A gas cloud known as G2 passed close to
the black hole at the center of our galaxy in
2014. Conventional simulations predicted it
would be torn apart by shear instabilities—
but observations show the cloud largely sur-
vived.

This tension suggested that something im-
portant was missing from the models. We
show that magnetic fields fundamentally
change the fate of gas clouds like G2, and
that their orbits can be used to probe the
structure and dynamics of the galactic cen-
ter.

MAGNETIC FIELDS
STABILIZE GAS CLOUDS
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Early simulations of G2 modeled the cloud
as a simple, non-magnetic fluid. In these
simulations, the cloud disrupts rapidly due
to Kelvin-Helmholtz instabilities.

We performed magnetohydrodynamic
(MHD) simulations and found a striking
result: even weak magnetic fields can stabi-
lize the cloud, suppressing its disruption
and extending its lifetime. This helps
explain why G2 remained intact longer than
expected—and reduces the need to revise
estimates of gas density in the galactic
center.
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UsING G2 TO PROBE
THE GALACTIC CENTER

While much attention focused on G2’s po-
tential for fueling the black hole, it also acts
as a test particle: its trajectory encodes in-
formation about the rotation, density, and
magnetic field of the background gas.

We developed a dynamical model that ac-
counts for:

« Magnetically enhanced drag, acting be-
tween the cloud and the rotating medium

o Orbital precession, as the plane of G2’s or-
bit twists to align with the accretion flow

« The cloud’s evolution across multiple peri-
center passages

Our model explains not only G2’s orbit, but
also that of a similar cloud, G1, which shares
its trajectory but shows more orbital decay—
consistent with earlier infall and drag.

OBSERVATIONAL CONSTRAINTS
AND PREDICTIONS

We used the G1/Gz2 system to fit a dynam-
ical model of cloud evolution in a rotating,
magnetized background. We used numeri-
cal orbital simulations, with Markov-Chain
Monte Carlo to constrain our model param-
eters.

WaHY DIiDN'T G2 DISrRUPT?

— MAGNETIC SUPPORT, ORBITAL TWISTING, AND THE INVISIBLE GALACTIC CENTER —

CONSTRAINING GALACTIC
CENTER PARAMETERS

By comparing with to astrometry and spec-
troscopy, we inferred probability distribu-
tions for six key parameters:

« Rotation axis of the galactic center accre-
tion flow
o Magnetic field strength and density profile

(degenerate with each other)
o Shape of the cloud
« Rotation profile of the background gas

Our model matches the full 3D orbit
and velocity evolution of both Gi and
G2—including the twisting of the orbital
plane and the observed orbital energy dif-
ference between the clouds.
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We find that the rotation axis is tightly con-
strained—a prediction that can be tested by
upcoming EHT observations. Other parame-
ters remain degenerate, but could be con-
strained with independent measurements
(e. g., magnetic field strength via polariza-
tion).

WHAT’S NEXT?
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Our model predicts
a delay in G2’s clos-
est approach to the
black hole, after most
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Though it looks slightly crazy, this orbit is
in fact entirely consistent with the observa-
tions, both in the plane of the sky, and along
the line of sight. This model does just as
well as fitting G1 and G2 with two unrelated
Keplerian orbits.
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of the observing cam-
paigns monitoring G2 ended, but consistent
with flaring activity observed in late 2014. This
work provides a framework for using future
infalling clouds to map the hidden structure
of the galactic center and to test theories of
black hole accretion.
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