
➢~180 in the Central Molecular Zone (CMZ)

・Spatially compact / broad velocity widths

・Few/no counterparts at other wavelengths

Some may originate from compact-object interactions

Beyond the CMZ: An HVCC-like Molecular System
Driven by Compact Objects in the W44 Molecular Cloud
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Background

Objectives
➢To constrain the dense gas structure of the PBs

➢To test the shooting model with PB kinematics

Observations
Atacama Large Millimeter/submillimeter Array (ALMA)

➢ Period: Oct 2025–Feb 2026 (Cycle 12)

➢ FoV: 50″×65″; includes 7 Petit–Bullets

➢Dense gas tracers (n ≳ 105–106 cm−3); HCO+,HCN  J = 3–2, 4–3Results & Discussion

High Velocity Compact Clouds (HVCCs)

Future Work

⚫Constrain physical conditions (density, temperature, excitation)

⚫Deep NIR imaging with Subaru/MOIRCS to search for stellar 

counterparts to Petit–Bullets

➢A single compact source 

 plunges into a dense gas layer

isolated black hole (≥ 30 M☉)?

Shooting model (Yamada et al. 2017)

HCO+ HCN

J = 3–2 J = 4–3 J = 3–2 J = 4–3

PB1 〇 － － －

PB2 〇 〇 △ －

PB3 〇 △ － －

PB4 〇 △ － －

PB5 〇 〇 〇 〇

PB6 〇 〇 〇 〇

PB7 － － － －

PB1PB2

PB3

PB4
PB5

PB6

PB7

➢HCO⁺/HCN detected in 6 PBs with strong variation

Detection

➢ Spatially coincident component

CO3–2

40 km s⁻¹ component

 + V-shaped structure

HCO+, HCN

V-shaped structure only

1. Kinematics CO3–2 HCO+3–2

Figure 2.

HCO+(3-2) velocity-integrated map.

Magenta crosses indicate the PB positions.

Figure 3. Position-velocity maps of PB6.

➢Ratios tend to increase with CO (3–2) velocity width

2. Intensity Ratio

reflects plunging velocity (V*)

 Consistent with the shooting model !

S15

Makita et al. (2026)

A rare HVCC-like feature outside the CMZ: Bullet

Petit–Bullets (PBs)

➢Eight high-velocity features around the Bullet

・more compact than the Bullet

・“V”-shaped position–velocity structures

W44 GMC

HCO⁺(3–2) / CO(3–2)
dense gas fraction ↑

HCO⁺ 4–3 / 3–2
excitation ↑

HCN(3–2) / HCO⁺(3–2)
denser gas ↑

Each PB likely traces a plunging compact object  (Makita et al. 2026)

Origin: An infalling globular cluster from the Galactic halo

Plunging object

V*

W44 GMC

Not explained

by the SNR!

・Acceleration + compression 

by plunging objects

・Faster plunge

→ stronger compression

➢Ultra-high-velocity cloud associated with SNR W44

・Enormous kinetic energy

・“Y”-shaped position–velocity structure

・No counterparts

Figure 1.

All panels show CO J=3–2 emission.

a. Velocity-Integrated map of the W44 SNR.

b. Top: Velocity-Integrated map of the Bullet; Bottom: l–V map at b = 0.472° with ASTE (Yamada et al. 2017).

c. Velocity-Integrated map toward the Bullet with ALMA. Magenta crosses indicate the position of the PBs.   

    Blue box shows the observed area in this study.

d–g. Position–Velocity maps at the positions marked in (c) (Makita et al. 2026).

(a)

Accelerated gas

○: detected, △: tentative
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