
Exploring the centre of mass properties of LG-like galaxies 

【アブスト】

シミュレーションでMWとM31を再現し、そのディスクとハローの位置/速度の差分を、それぞれの構造の重心(COM)に着目して調べた。位置
の差は10kpcで割と大きく、速度の差はハローの速度分散、または大規模降着による摂動程度の大きさであることが分かった。次に、サブハ
ロー&衛星銀河群のCOMも計算したところ、それは降着史に強く依存し、かつ少数の大規模衛星によって殆ど決まる、という傾向が見られた。

【ゴール】 MW/M31の動力学的分布と歴史を明らかにする。 【オリジナリティ】 MW/M31の動力学を、各成分のCOMを基準に分析した。
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【コメント】

・ディスクとハローの位置ズレはどの程度考慮するべきなのか？
・衛星銀河のCOM運動から、降着史に制限を掛けられないか？

J. Salomon, N. Libeskind, Y. Hoffman 2023

図2
【データ】

LGの環境を再現した宇宙論的シミュレーションHESTIAより、3つのモデルをピックアップした(09_18, 17_11, 37_11)。
このうち09_18のMWは、大規模な合体イベント(質量比1:10)を経験している。
そこからMW/M31ライクな銀河を抽出し、合計6つの銀河について調査した。
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Figure 2. For the six host galaxies in the high resolution HESTIA simulations, absolute differences in position between the disc centre and the centres of mass
of different types of particles (or equivalent cells) contained within a sphere of radius R, for stars in yellow, dark matter in black, gas in cyan and all components
in green. The maximum radius corresponds to R200. The vertical dotted line represents the radius of the sphere (0.15⇥R200) taken into account to calculate the
disc centre of mass position and velocity. We set the minimum value of the y-axis equal to 220 pc, the smoothing length. Note that given the uncertainties and
resolution effects, any offset of less than 1 kpc should be treated with caution (see Section 2.2).
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Figure 3. Same as Figure 2 but for the absolute differences in velocity between the disc centre and the centres of mass of different types of particles (equivalent
cells). Note that given the uncertainties, any offset of less than 6 kms�1 should be treated with caution (see Section 2.2).
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Figure 2. For the six host galaxies in the high resolution HESTIA simulations, absolute differences in position between the disc centre and the centres of mass
of different types of particles (or equivalent cells) contained within a sphere of radius R, for stars in yellow, dark matter in black, gas in cyan and all components
in green. The maximum radius corresponds to R200. The vertical dotted line represents the radius of the sphere (0.15⇥R200) taken into account to calculate the
disc centre of mass position and velocity. We set the minimum value of the y-axis equal to 220 pc, the smoothing length. Note that given the uncertainties and
resolution effects, any offset of less than 1 kpc should be treated with caution (see Section 2.2).
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Figure 3. Same as Figure 2 but for the absolute differences in velocity between the disc centre and the centres of mass of different types of particles (equivalent
cells). Note that given the uncertainties, any offset of less than 6 kms�1 should be treated with caution (see Section 2.2).
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Figure 4. Absolute differences in position (upper panel) and in velocity
(lower panel) between the disc centre and the centres of mass of various
populations of satellites only (dots) or all subhaloes (plain lines). Those dif-
ferences are given with respect to the number of most massive satellites or
subhaloes taken into account. Results are colour coded according to the six
host galaxies.

ity, respectively 37_11 (MW) and 09_18 (MW), both have a sub-
population gravitationally dominated by one single satellite. It thus
governs the properties of the COM, notably the difference in orien-
tation of the velocity vector. The blue and cyan curves in Figure 5
are very tight. Nevertheless, their configuration is not as identical.
In the 37_11 (MW) simulation, the massive satellite is far away, at
the limit of the R200 radius. It has little impact on the central disc.
This is not the case for the 09_18 (MW) simulation, where the mas-
sive satellite is closer and has already passed nearby the centre. It
has then impacted the central disc, imparting to it a velocity aligned
with its accretion direction. As a result, the orientation of the COM
velocity of the subhaloes is perfectly aligned with that of the disc.

4.2 Satellites

It is now necessary to examine whether the deviations found for the
subhaloes, intrinsic to the dynamics of the complexes comprising
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Figure 5. Deviations in orientation between the velocity vector of the disc
centre and the velocity vector of the centres of mass of groups of satellites
(dots) or subhaloes (plain line). The same populations as in Figure 4 are
considered. Those differences are given with respect to the total mass of the
group of satellites or subhaloes taken into account. The horizontal dashed
line is a visual marker to point out a complete alignment.

a host galaxy and its substructures up to R200, are still visible and
of the same amplitude when only satellites are considered. In other
words, do the shifts on the satellites - which can ultimately be ob-
served - depict correctly those of all the subhaloes?

Thus, the second main population studied is the satellites. From
the whole set of subhaloes gravitationally bound to their respective
host previously selected, only the subhaloes containing at least one
stellar particle are kept. And the similar exercise to the previous one
is performed. For each host galaxy, the COM of the satellite popu-
lation is calculated and compared to that of the central disc. Then
the least massive one is removed and the sequence is repeated until
only one is retained. The satellite populations considered now are of
course sub-populations of the previous samples.

The results of the different deviations are reported in Figures 4
and 5 as dots. The vast majority of the most massive subhaloes are
systematically populated by stars and identified as satellites. As a
natural consequence, the general profiles of deviations remain al-
most similar to those of the subhaloes. The same implications can be
drawn from this. Only slight exceptions can be visible as for exam-
ple with the simulation 17_11 (MW) where the twelfth most massive
subhalo is dark (see the difference between the twelfth gray dot from
the left and the line in Figure 4). But even in those cases, the trends
continue to be identical. In the range of mass of the smallest satel-
lites, some subhaloes can be, or not, lightened. That is the reason
why the lines in the figures can be slightly misaligned with the dots
when the curves become flatter. Nevertheless, the plateau identified
with the subhaloes is still similarly reached with satellites, of course
with less objects. Thus, the position and the kinematics of the COM
of the few tens of satellites are almost identical to those of several
hundreds of subhaloes. The differences in position and velocity ori-
entation between all subhaloes and satellites only can be of the order
of 10 kpc and 5 degrees respectively, but never greater and always
sporadic. The same is true for the velocity offsets, which are typi-
cally under 10kms�1. There is only one slightly more pronounced
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【結果】

図2：ディスク(構成)成分とハロー成分の、COMの位置の差分。
どのモデルでもR200の位置で10kpc程度の差がある。

→銀河サイズと相対的に見ても、決して無視できない。
図3：ディスク成分とハロー成分の、COMの速度の差分。
合体が無いモデルでは10km/s程度の差分しか無いが、

大規模降着がある09_18のMWだと、差分が66km/sほどに増加する。
→実際のLMC降着による摂動もこのくらい。

図4：サブハロー群とホストディスクのCOMの位置/速度の差分(実線)。
重い側のサブハロー12個程で、既に全サブハローによるCOMに近い値
になっている。→大規模天体がCOMにとって支配的。

終値にばらつきがある→サブハロー群が非等方な非平衡状態にあるた
め、分布の仕方に多様性があるから。

衛星銀河にも同じことを行った(点プロット)→サブハローの振る舞いを
トレースしている→現実でも衛星銀河分布の観測から、サブハローの動
力学が推測できる。
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Figure 4. Absolute differences in position (upper panel) and in velocity
(lower panel) between the disc centre and the centres of mass of various
populations of satellites only (dots) or all subhaloes (plain lines). Those dif-
ferences are given with respect to the number of most massive satellites or
subhaloes taken into account. Results are colour coded according to the six
host galaxies.

ity, respectively 37_11 (MW) and 09_18 (MW), both have a sub-
population gravitationally dominated by one single satellite. It thus
governs the properties of the COM, notably the difference in orien-
tation of the velocity vector. The blue and cyan curves in Figure 5
are very tight. Nevertheless, their configuration is not as identical.
In the 37_11 (MW) simulation, the massive satellite is far away, at
the limit of the R200 radius. It has little impact on the central disc.
This is not the case for the 09_18 (MW) simulation, where the mas-
sive satellite is closer and has already passed nearby the centre. It
has then impacted the central disc, imparting to it a velocity aligned
with its accretion direction. As a result, the orientation of the COM
velocity of the subhaloes is perfectly aligned with that of the disc.

4.2 Satellites

It is now necessary to examine whether the deviations found for the
subhaloes, intrinsic to the dynamics of the complexes comprising
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Figure 5. Deviations in orientation between the velocity vector of the disc
centre and the velocity vector of the centres of mass of groups of satellites
(dots) or subhaloes (plain line). The same populations as in Figure 4 are
considered. Those differences are given with respect to the total mass of the
group of satellites or subhaloes taken into account. The horizontal dashed
line is a visual marker to point out a complete alignment.

a host galaxy and its substructures up to R200, are still visible and
of the same amplitude when only satellites are considered. In other
words, do the shifts on the satellites - which can ultimately be ob-
served - depict correctly those of all the subhaloes?

Thus, the second main population studied is the satellites. From
the whole set of subhaloes gravitationally bound to their respective
host previously selected, only the subhaloes containing at least one
stellar particle are kept. And the similar exercise to the previous one
is performed. For each host galaxy, the COM of the satellite popu-
lation is calculated and compared to that of the central disc. Then
the least massive one is removed and the sequence is repeated until
only one is retained. The satellite populations considered now are of
course sub-populations of the previous samples.

The results of the different deviations are reported in Figures 4
and 5 as dots. The vast majority of the most massive subhaloes are
systematically populated by stars and identified as satellites. As a
natural consequence, the general profiles of deviations remain al-
most similar to those of the subhaloes. The same implications can be
drawn from this. Only slight exceptions can be visible as for exam-
ple with the simulation 17_11 (MW) where the twelfth most massive
subhalo is dark (see the difference between the twelfth gray dot from
the left and the line in Figure 4). But even in those cases, the trends
continue to be identical. In the range of mass of the smallest satel-
lites, some subhaloes can be, or not, lightened. That is the reason
why the lines in the figures can be slightly misaligned with the dots
when the curves become flatter. Nevertheless, the plateau identified
with the subhaloes is still similarly reached with satellites, of course
with less objects. Thus, the position and the kinematics of the COM
of the few tens of satellites are almost identical to those of several
hundreds of subhaloes. The differences in position and velocity ori-
entation between all subhaloes and satellites only can be of the order
of 10 kpc and 5 degrees respectively, but never greater and always
sporadic. The same is true for the velocity offsets, which are typi-
cally under 10kms�1. There is only one slightly more pronounced
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