
ᾍ ḹǲȏȒ
ǵʥὄὑӓǯȭɧɱɕ◐

˝ʣ

ּ

(KavliIPMU / U. Tokyo)

MNRAS 474, 3466 (2018)

arXiv:1807.02988



ὂὐ ἶǲǑǘȒ ̱ȵɝɣɪɶȵɥɱ

Å SPH (₳ ӓ ἧ ) Å AMR ( ӓ ἧ )

Å Ὥ↓ ḢǮ ǲ ϑ↓

Å˲› Ǳ █ҘƲʥ
Ǔ

Å ϑ↓Ǔʥ ǲẀȖȒ
ÅȪɨɪȢʥẀǮǶǱǋ



Ҳ ἧ ̱ȵɝɣɪɶȵɥɱ

ÅɞɶɑɱȮɟɁȵɣ

ÅɚɫɌȢ ἧ

Springel(2010)



Ҳ ἧ ̱ȵɝɣɪɶȵɥɱ

ÅArepo code (Springel 2010)
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Clumpy galaxies

ÅObserved in the high-z universe z > 1

ïclump clusters / chain galaxies

Å`Clumpyô galaxies are formation stages of disc galaxies.

ï`Giant clumpsô (~ 109 M
½

at the largest)

ï Clumpy galaxies account for ~ 30-50 % in z=1-3

ÅTadaki+14, Livermore+15, Guo+15

with HST     Guo et al. (2014) Elmegreen et al. (2013)

109 yr

in the high -z in the local universe

?



Clumpy fraction and cosmic SFR

Cosmic SFRD

Clumpy frac.

Shibuya et al. (2016)

Ϥ₴Ѽ Ϥ₴Ѽ᷀



Clump formation and star formation

ÅWhat yet to understand are:

ÅWhat drives giant-clump formation?

ÅGravitational instability (GI)

ÅCosmological gas accretion

ÅGalactic mergers

ÅWhat suppress giant-clump formation? (why clumps disappear?)

ÅDisc stabilization by gas consumption and/or heating

ÅGrowth of a massive bulge

ÅCessation of galactic mergers 



Spiral -arm instability: 
giant clump formation via 

fragmentation of a galactic spiral arm

Beyond ToomreôsQ 

MNRAS 474, 3466 (2018)



Spiral or Clumpy?

ÅClumpy galaxies

ÅGiant clumps

ÅGas-rich (fgas>30%)

ÅToomre instability?

Guo et al. (2014)

Spiral-arm fragmentation?

Law et al. (2012)
Elmegreen & Elmegreen (2014)

Spiral galaxies emerge at z<2-3 (Elmegeen+14)



Spiral or Clumpy?

ÅIsolated disc galaxy simulations

ÅGas + stellar discs

ÅIsothermal gas (no star formation, no feedback)

ÅMoving-mesh code: Arepo

█▌╪▼ Ȣ █▌╪▼ Ȣ



Set-up for the l inear perturbation theory

ÅNow consideringé

ÅGravitational instability for azimuthal perturbations on an axisymmetric spiral (ring).
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ÅGravitational instability for azimuthal perturbations on an axisymmetric spiral (ring).
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spiral arm

x

y

continuity:

R- and ˒ -momenta:

ÅLinear perturbation equations       
Åὃᴼὃ ὃ‏
Åconsider the first-order terms

‰
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A dispersion relation for a single-component model

ÅOne can obtain the dispersion relation for the perturbations,

ÅThe Poisson equation for the perturbations is 

ὑ: Bessel function

ὒ: Struve function

ὪὯὡ ὡ : half width of arm



A dispersion relation for a single-component model

ÅOne can obtain the dispersion relation for the perturbations,

(cf. Takahashi, Tsukamoto & Inutsuka 2016)

ÅThis can be transformed as

ÅWhen ‫ π, the spiral is unstable.

ÅConsidering this in the boundary case ‫ π, the new instability parameter and 

its criterion can be defined as   

Coriolis forcePressure Self-gravity



A dispersion relation for a two-component model

ÅA galaxy usually has gas and stars. The dispersion relations of gas and stars are,

ÅBecause gas and stars interact only through gravity, they are connected in the 

Poisson eq.,

ÅThen, one can obtain the two-component dispersion relation, 

ÅFinally, I obtain the new instability condition for 2-comp. models,

gas:

stars:

ς
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