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Is the CMZ thin or thick ?
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 CMZ gas dynamics  based on the thin(<10 

pc), dense gas orbit(s)
e.g., open-orbits(Kuijisen+2015), infinity-
ring(Molinai+2011)

thin, dense gas component (c.f., James et al. 
2012)

Vertically extended  gas component (Enokiya et al. 
2014)

 Hydrodynamic simulations
→ thin gas disks through the radiative 
cooling

 a thick gas disk by CO and HI observation
(>100 
pc)

 This large amount of surrounding gas is a 
reservoir for the dense CMZ ring.
→ unveiling the origin of this thickness is 
important for understanding the gas 
supply onto the star-forming dense gas 
ring.

Kakiuchi et al. 2024 and 2026 in prep.



The importance of the magnetic field in the CMZ region
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Magnetic pressure

Gas  pressure

Tracing co-evolution of gas and magnetic fields in space 
and time

Aim of this 
study

Kakiuchi et al. 2024 and 2026 in prep.

→ gas dynamics regulated by magnetic fields should never be neglected in this 
region.



Simulation Setup
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Initial
Condition

 Hydrostatic equilibrium 
      (※ Not thermal 

equilibrium)
 Initial B-field

 

Simulation 
domain

Resolution : 1-10 
pc

Co-evolution of magnetic field and gas 
phase

 R, z : Outgoing boundary
 φ :Periodic boundary (2π)

Kakiuchi et al. 2024 and 2026 in prep.




Comparison with density distribution 
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W/o magnetic fieldwith magnetic 
field 

2-layer disk is formed
      Dense gas disk is enclosed by thick diffuse gas disk

Mass ratio
      dense : diffuse ~ 

1 : 1 

Kakiuchi et al. 2024 and 2026 in prep.



Formation mechanism of magnetic 
dominant region

6/13Kakiuchi et al. 2024 and 2026 in prep.

Number 
density

Temperatur
e

Pgas / Pmag

Radiative 
cooling 
and heating

n ↑ T ↓ at the galactic plane  ⇦  Magnetic 
pressure 

dominance region 

⇨



Gas flow in vertical cycle 
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Φ-average map
Kakiuchi et al. (2026) in prep. 

Preliminary results



3D B-field structure in our MHD simulation
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Kakiuchi et al. in 
prep.

o Near the Galactic plane :
Strong B-field、 Toroidal field 
dominant  

o High latitude :
Low beta、 Poloidal field 
dominant

Preliminary results



3D B-field structure in our MHD simulation

Kakiuchi et al. 2024 and 2026 in prep. 9/13

Kakiuchi et al. in 
prep.

o Near the Galactic plane :
Strong B-field、 Toroidal field 
dominant  

o High latitude :
low beta、 poloidal field 
dominant

Preliminary results



Association of B-Field Structure and Density 
Distribution

Kakiuchi et al. 2024 and 2026 in prep. 10/13

Inner part (R=0.3 
kpc)

Outer part(R=0.45 
kpc)

Thread-like thin cloud (n~0.1-1 cm-3) alternate between float up and fall 
down

Kakiuchi et al. in 
prep.

Preliminary results



Implications for gas circulation and vertical magnetic 
structures
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< 10 
pc

>100 
pc

 A Diffuse low-β layer surrounds the 

thin dense disk

→ contributes to the vertical thickness 

 Gas in the thick disk is launched and  

fall inward along arch-like magnetic 

fields.

→ possible candidates for NTFs.

❌　 Radio Arc

→ require additional physics, e.g., jets The role of the magnetic fields :  
The origin of the thick disk and guiding the accretion gas flow to the 
thin disk



Summary

Kakiuchi et al. 2024 and 2026 in prep. 12/13

• To understand the three-dimensional structure of CMZ, it is essential to 

consider the co-evolution of the three-dimensional gas and magnetic field.

• We performed MHD simulations (Kakiuchi+2024, 2026 in prep.)

• Thick diffuse gas disk is supported by magnetic pressure gradient

• The diffuse gas accrete along radial arch-like structure with vertical 

magnetic field

Preliminary results
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