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- 25ℎ−1Mpc 3

periodic box

- ICs have 240 3 each 
DM & gas

- Star formation, 
evolution, & feedback 
(Kobayashi+04,06,07,
11)

- BH formation and 
growth, & AGN 
feedback (Taylor & 
Kobayashi 14)











SFR = 𝐴 × 𝑀∗
𝛼 × 𝑠5

𝛽
× 𝑀gas

𝛾
× 𝑓 𝑀BH

log 𝑓 𝑀BH =  
𝑘1 log𝑀BH 𝑀BH < 𝑀𝑏

𝑘2 log𝑀BH + 𝑘1 − 𝑘2 log𝑀𝑏 𝑀BH ≥ 𝑀𝑏

Galaxy stellar mass

5th-nearest neighbour
distance ≡ galaxy environment

Gas mass in galaxy

Taylor, Federrath, Kobayashi 2017



𝑀𝑏 ≈ 2 − 5 × 107M⨀

𝑀BH − 𝑀bulge relation

𝑀bulge ≈ 1 − 2 × 1010M⨀

Graham & Scott, b2015



SFR

∝ 𝑀∗
0.21 × 𝑠5

−0.17 × 𝑀gas
1.03 × 𝑓 𝑀BH

log 𝑓 𝑀BH =  
0.00 𝑀BH < 107.31

−1.11 log𝑀BH − 7.31 𝑀BH ≥ 107.31

Weaker than implied by SFMS 𝛼 ∼ 0.75 − 1
(e.g., Elbaz+11, Zahid+12, Renzini & Peng 15)
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Weak, positive dependence on 
environment (e.g., Koyama+13)

SF𝑅 ∝ 𝑀gas ⟹ ΣSFR ∝ Σgas i.e. Kennicutt-

Schmidt law.



Observational SFR, 𝑀∗, 𝑠5 from 
GAMA.
𝑀HI from ALFALFA.

Associate detections separated 
by 0.

°01 in RA and Dec.

Assume 𝑀gas = 𝑀HI/0.75




