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Discrepancies with observations

• Overcooling&problem
– Simula;ons$with$no$/$weak$feedback$tend$to$overGpredict$the$cosmic$SF$

history$with$excessive$amount$of$stars$produced$
• (e.g.$Katz,$Weinberg$&$Hernquist$1996;$Somerville$&$Primack$1999;$Springel$&$Hernquist$2003;$KereŠ$et$al.$

2009)

• Luminosity&func@on&
– Simula;ons$without$feedback$tend$to$make$the$lower$and$higherGmass$ends$

steeper$
$ $$(e.g.$Review$by$Silk$2013)

• Missing&satellites&problem
– Simula;ons$tend$to$overGpredict$
number$of$small$satellites$for$MWGtype$of$galaxies

(e.g.$Klypin$et$al.$1999;$Moore$et$al.$1999)

(Silk&&&Mamon&2012)

Some$of$the$major$issues:



Indispensable role of 
feedback
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Problems w/ Previous models
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III. Our Modeling & Setup
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Mej ⇡ 1M�

vej ⇡ 104 kms�1

E0 ⇡ 1051 erg

SNR evolutionary phases
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Time-scales of SN-II FB model
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Gas & Metal Recycling 
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Stellar Feedback (SFB)
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Summary of our FB model
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Schematics of the model

Time

(or#H2[SF#model)

(Thompson$&$KN$’14)



Simulation setup
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Isolated&galaxy&simula@ons:

[ A#single#galaxy#resides#in#a#single#DM#halo

[ IC#composed#of#gas,#bulge,#disk#and#DM#(`MakeDisk’$code,$$Springel)
[ #Decoupled#from#the#Hubble#expansion#or#linear#growth#

[ #No#merger#history

[ #Finer#resolu'on#can#be#achievable#even#compared#with#zoom[in

[ e.g.#we#tested#with#80&pc&&&30&pc#cases

MW9typed&isolated&disk&IC:&
Bulge&(green),&disk&(white),&gas&(blue&&&red)
DM&halo&not&shown.

(PAPER&3+4&of&AGORA)



Parameters used for idealized MW-type 
isolated galaxy simulations
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Star Formation History
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Face-on Disks
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Phase Diagram
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Outflow rates 
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*Low-res IC was used for this test run. 

 

 



Tests with 
Cosmological zoom-in simulations
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• Does the stellar-to-halo mass ratio agree 
with observations?

• Does SN-II feedback model resolve the 
missing satellites problem? 
(This is also tied with the overcooling problem)
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Stellar-to-halo mass ratio
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Less Substructures
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Conclusions
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Ongoing participation in the AGORA project
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JHC’s&Grackle&Implementa@on
(Jun[Hwan#Choi)

in&UNLV&version&of&GadgetP3



GRACKLE

• Grackle$is$a$chemistry$and$radia;ve$cooling$library$for$
astrophysical$simula;ons.

• Language:$C++$code$calls$Fortran$numerical$module
– Need$a$C++$wrapper$to$from$from$Gadget$(wrimen$in$C)
– Pure$C$version$released$recently.$

• Chemistry$
– Cloudy$cooling
– NonGequil.$primordial$chem.$network$(~10%$speed$decrease)

• UVB$
– FaucherGGiguere$et$al.$2009$(Updated$in$2011)
– Haardt$&$Madau$2012

(Bri7on#Smith)

h7ps://grackle.readthedocs.org/en/latest/

https://grackle.readthedocs.org/en/latest/
https://grackle.readthedocs.org/en/latest/


J^

!"#$%&'!()*+,-./0&%12"3%.
!"#$%&'!()*+,-./012"314"250.

4*55.61"77%18.
'..90/&:.
'..9;<.=>#%?.
'..!1"3@?%.7"1"=%&%1:.

6&"7&.*55310$.
4A>*>>?/0$B.*>>?/0$C/=%8.

.
D"::E.!B.FB.#G=%B.3F11%0&.G=%B.
)HF0#"03%.4IB.I%B.%J8. *55.61"77%1.3"??:......

!1"3@?%.,/H1"1K..

!1"3@?%.
*>>?/0$.
,/H1"1K..

!1"3@?%.

!1"3@?%.,/H1"1K.. *>>?/0$.
,/H1"1K..

6&"7&.*55310$.

8"10.(90.:*.;.

-0#.*55310$.
!%&E.)HF0#"03%B.F0%6B.&3>>?.

8"10.(90<..L'H>#KB.MK#1>B.NOB.J.L'H>#KB.MK#1>B.NOB.J.

*55.61"77%1.3"??:......

.=%>?01>"3.@5&%A.
!! !"#$%&.P"@%Q?%.0%%#:.&>.F:%.H>&M.*.R.*55.
!! !1"3@?%.3"??/0$./:.#>0%.".7"1G3?%.HK.7"1G3?%.H":%.

6&"7&.*55310$.
4A>*>>?/0$

D"::E.!B.FB.#G=%
)HF0#"03%.4IB.I%B.%J8.

6&"7&.*55310$.

8"10.(90.:*.;.

-0#.*55310$.
!%&E.)HF0#"03%B.

8"10.(90<..L'H>#KB.MK#1>B.NOB.J.L'H>#KB.MK#1>B.NOB.J.



W%)9"$&K((8#29&&,!%$dX&Njfk&H:*#29"8&NTe4&
-0]&[&IWhTYY

W*%7+8"&7((8#29&,#E"E&K/5-cl4&
-0]&[&IWhTYY

4+(1&-)#'$5).0$+-)')#&C$'&E'".$<++C)#'

56"*%88&%9*""<"2$k&&3""<3&$(&;"&R(*+#29E



End


