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[6] Simultaneous Formation of the Andromeda Giant Southern Stream and Substruc-
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[11] EREREHICETS Lyo FRARER (FHEMERFEL)

72 BICIE, FEBREMEATH S LA DEMNTFEEL, ERICBVWTREENMER I
2, LU, EmEHMKTL7I 7BEILAECKREINTED, ToEMHITEGER: b
2, REFOFZLHR-TWVWE, ZORFEOERME LT, FITHRICBVWTKEIA Y a
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%, ZZT, KEIFA <Y o HREIEFFEHEMTENL BWIEET 2 D RIAT 572012,
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FEEREEE» 55| EHiE, EROZEHBRERE T Lya MEEEIER SN 2 0 E2HHNz, &2
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[12] Deducing the origin and nature of the fast knots in 3C 84 from magneto-

hydrodynamic considerations

We used observations of the Very Long Baseline Array (VLBA) to track the movement of the small-
scale jet launched by the central supermassive black hole of the radio galaxy 3C 84. These observations
were conducted at a frequency of 43 GHz over a period from November 2003 to June 2022. Based on
these observations and insights from previous hydrodynamic simulations, we proposed various inter-
pretations for the movements of components in the jet.

We focused on a bright knot in the jet called the C3 component, which appeared at the end of a
jet section that was launched from the galaxy’s core in 2003. We found that this C3 knot moved at a
steady apparent speed of about 26% the speed of light (0.259¢) during the entire observation period.
Interestingly, we also discovered four new, smaller knots emerge from this C3 component. These new
knots appeared to be moving faster than the original C3 knot. The last two of these new knots seemed to
be moving faster than the speed of light, with apparent speeds up to about 1.22¢. Our calculations show

that the new knots are intrinsically moving faster than C3, rather than this being an effect of viewing
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1: Comparison of simulations and observations of the radio source B2 0258+35. The jet is blowing
a strong bubble into the southern parts of the galaxy, increasing the CO(2-1)/CO(1-0) ratio there. Left:
snapshots of simulation showing density (top) and velocity (bottom). Center: The geometry of the jets,
radio bubbles, and galactic disc, with respect to the observer (telescope). Right: Observations of the
CO(2-1)/CO(1-0) ratio.

angle.

One possible origin of the new knots is that the jet might be rapidly changing its direction, either
randomly or due to precession. Another possibility is that the jet may have collided with a cloud of gas
and may thereby have been split and deflected into several jet streams. Finally, it is also possible that
the knots were launched by magnetic reconnection events.

This work was published in Kam et al. (2024, doi:10.3847/1538-4357/ad51dc).

[13] A deeper examination of the jet-driven molecular gas thermodynamics in B2
0258+35

We used the NOEMA telescope to look at a nearby, young, and faint radio source B2 0258+35 by
observing emission from CO(2-1) and interpreted these new observations with our state-of-the-art rela-
tivistic hydrodynamic simulations that match the jet orientation and power of the radio source. We had
previously looked at this source using a different frequency (CO(1-0)) and found strong evidence that
the powerful jets from the center of the galaxy were colliding with the surrounding gas. This collision
was causing a large amount of the gas, about 75% of it near the center, to be pushed outwards in an
outflow.

Our new observations with CO(2-1) showed even more complicated dynamics of the gas. We discov-
ered that the jet on the southern side of the radio source is pushing out the molecular gas in the shape
of a rapidly growing bubble. The gas in this bubble is moving at speeds up to 400 km s~ 1.

We also noticed that the ratio of the light intensity between the CO(2-1) and CO(1-0) observations
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was much higher for the gas in this bubble and also in areas farther away from the jets. Other studies
have shown that the central engine of the galaxy, the active galactic nucleus (AGN), in the host galaxy
NGC 1167, is not very active and is consuming very little material. Because of this, we believe that the
high light ratios are due to the jets colliding with the gas and heating it up significantly.

0% erg s~ 1), they are the sole

Even though the radio jets are not very bright (with a power of 1.3 x 1
cause of these extreme gas motions. This is one of the clearest examples we have seen of a bubble of
cold gas being pushed outwards in this type of object.

Our findings add to the growing evidence that even faint radio sources can significantly impact the
dynamics and conditions of the cold gas in their host galaxies, which, in turn, can impact the conditions

for forming new stars, highlighting the importance of faint, but very common radio sources.

This work was published in Murthy et al. (2025, doi:10.1051/0004-6361/202453139).

[14] Self-Interacting Dark Matter (SIDM) @ Boltzmann X alL—> 3>
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