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PAH
Polycyclic Aromatic Hydrocarbons

Size range: 0.0003 μm ~ 0.002 μm 

Observed

Draine et al. 2007 

PAH emission
(5~15 μm)



• The PAH spectrum intensity has a 
strong correlation with metallicity. 
(Engelbracht et al. 2005)

• This correlation was explained by 
assuming that PAHs are formed by 
shattering of large carbonaceous 
grains. (Seok et al. 2014)

We want  to  consider  gra in  s ize 
evolution in a self-consistent model.

Engelbracht et al. 2005
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Theoretical Model Included

• Post-processed Hydrodynamics Simulation
• Grain Size Distribution (Dust Evolution Process)
• Aromatization



Aoyama et al. 2016

Post-Processed
Hydrodynamics Simulation

• GADGET-3-osaka N-body/smoothed particle 
hydrodynamics (SPH) simulation for an 
isolated galaxy

• Post-processing 149 SPH particles based on 
metallicity, temperature, and density 
evolution

We can consider different evolutional path!!!



Stellar Dust Production
died

SNe, AGB dust

SN 
burst

Large gra ins becom 
smaller, 
small grains disappear

Sputtering
Coagulation

Shattering
dust
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Accretion

Grain Size Distribution (Dust evolution Processes)
Hirashita et al. 2019

Diffuse
Dense

Solved on each SPH particle



Simulation Process
(Only carbonaceous grains are considered for simplicity)

Non-aromatic carbon dust
1. stellar dust production
2. shattering
3. coagulation
4. accretion
5. sputtering

Aromatic carbon dust
1. shattering
2. coagulation
3. sputtering

PAH size range:  
0.0003 μm ~ 0.002 μm 

PAH

Hydrogen density:
 

Derived by aromatization caused by UV irradiation reaction



Grain Size Distribution

accretion
Stellar dust 
production

shattering

PAH
• Small grains are aromatized
• Shattering and accretion are 

important for PAH abundancce



PAH abundance vs. metallicity

• PAH-to-gas ratio increases with 
metallicty

• O u r  m o d e l  i s  c o n s i s t e n t  w i t h 
observational data points of nearby 
galaxies

Observational data are from
Galliano et al. (2008), Draine et al. (2007) 
and Seok et al. (2014)

Time indicator



PAH-to-dust mass ratio v.s metallicity

• PAH-to-dust ratio increases with 
metallicty

• Our model is consistent with 
observational data points of nearby 
galaxies

• PAH formation is dominated by 
shattering and accretion, which are 
sensitive to metallicity

• PAH abundance is more sensitive to 
the metallicity than the total dust 
abundance is. 

Time indicator

Observational data are from
Galliano et al. (2008), Draine et al. (2007) 
and Seok et al. (2014)



Conclusion

• PAH abundance evolution is formulated taking grain size distribution and 
aromatization into account.

• By post-processing a hydrodynamical simulation of an isolated galaxy, we 
succeed in explaining the relation between PAH abundance and metallicity

• PAH abundance is more sensitive to the metallicity than the total dust 
abundance



Thank you



dust-to-gas ratio increases with metallicty

Dust-to-gas ratio vs. metallicity





Stellar dust production

condensation 
efficiency for metals 
(= 0.1)

total mass density 
(including gas and dust)

mass distribution function
(lognormal distribution 
centure at a= 0.1μm)

m: single dust particle mass, m=m(a)



Sputtering (Super nova destruction)

destruction efficiency



Accretion

Sticking probibility: S = 0.3



Shattering

proportional to metallicityprobability to collision



Coagulation
probability to collision

proportional to metallicity


