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@ background:
- long-standing assumption (rail & efstathiouso) in SAMS: H]gal > Jhalo
- useful in predicting (disk) galaxy sizes Rq
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- evidence: (1) Agand iy ( )\, = j./V2Ryi.Veir (Bullock+01) Follow similar
log-normal distributions w. <A>~0.035; (2) P(0.5\nRyirlMstar)

agrees with observed R. distribution (r. somervilie’s talk)
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@ background:

- long-standing assumption (rail & efstathiouso) in SAMS: H]gal > Jhalo
- useful in predicting (disk) galaxy sizes R
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‘/rot = Veire =

- evidence: (1) Agand i ( )\, = j,/V2R,i,Viir (Bullock+on) Follow similar
log-normal distributions w. <\>=0.035; (2) P(0.5\nRyirlMstar)

agrees with observed R. distribution (r. somervilie’s talk)

vir

@ test ), ~ )\, using zoom-in hydro simulations

- VELA: 34 gals, z21 (bracketing Milky Way if run to z=0), ART,
mcellzg.3x104Msun(dm), 103Msun(ga$), €cellzl7—35PC

- NIHAO: 13 Milky-Way-size gals, run to z=0, GASOLINE,
Mp=1.7X108Mgun (dm), 3.2x10°Mgun (gas), €x400pc, much
higher density threshold for SF and much stronger fdbk

- (tentative) Illustris(-TNG) simulation
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A distributions

log[Mir]<11.2;
11.2-11.7 oo

o.ﬂ:am

*

}\bqryons measured WIfhll‘l O lRwr

10~ 1071
}\sfar

@ <Ahalo> = 0.038, olog. = 0.25; little M\i--dependence
o <>\gas> - 0.032, Glog}\ - 0.26; hlghel" II"I hlgher Mvir
@ <hstar> = 0.007, olog. = 0.37; stronger M,i--dependence
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Agal = Analo COTTelation

see also Teklu+1l5
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Agal = Analo COTTelation

Olog A

halo

a=—191,b=—0.985

see also Teklu+1l5

regression line: log A\, = a + (1 + b) log Ay,

At z21, no correlation between 1\, and )\ (b=-1)
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Agal = Analo COTTelation

VELA
z € [1.0,2.0] z € [2.0,5.0]

R =0.07,p = 0.280 Lo R = —0.31,p = 0.000
Ulog)\{m = (.216

. Ulogki“k’,:.(i'.lgg log( Mo/ M) Myir = 1011°4M5un2
Nl characteristic mass

at which galaxies

. "compactify” to form

R=-00p=0808 ) R=0.0%0 = 0700 "blue nuggets” (BN)

alog /\{)ar = 0229 O-log )‘{)ar i 0363

0-10g /\ilalo T O ) 2 1 7 O-lOg Ailalo T O : 275

regression line:

logAas = a7 (1 + b) log Ay

@ No correlation between Aqa and thaio at z21 in different M,ir, z bins
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Agal = Analo COTTelation

VELA
z € [1.0,2.0] z € [2.0,5.0]
R = 0.07,p = 0.280 Lo R = —0.31,p = 0.000

Ulog)\{m = (.216
Olog Moo 0.199

R=—003,p=0808 | R=002p=0.760
Oloa ;. = 0.229 Tlog . = 0.363

0-10g /\ilalo T O ) 2 1 7 O-lOg Ailalo T O : 275

log (M /M) MViI" = 1011.4Msun:
- characteristic mass
at which galaxies

“compactify” to form
"blue nuggets” (BN)

regression line:

logAas = a7 (1 + b) log Ay

@ No correlation between Aqa and thaio at z21 in different M,ir, z bins
® \gal is higher for higher-M,;- (post-compaction) systems
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wal = Mhalo COTTelation

NIHAO
2 € [1.0,2.0]

2 € [2.0,5.0]

R = 0.18,p = 0.071

= Olog v, = 0.223
B Ulog)\ilalo = 0.235

a=—164,b=—-0.85 |

R = 0.01,p = 0.967

E O-IOg)‘%ar = 0.115
B Ulog)\ilalo = (.268

a=—1.82b=—0.99
III| | | | IIIII|

R = 0.24,p = 0.119

" Olog x, = 0.190
B Ulog )‘ﬁalo = 0237.

10~1

a=—158b=—-086 |

R =0.31,p = 0.003

E Ulog)\/bar = 0.162
B O-IOg)\ilalo = 0.263

a=—156,b=—0.78
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log X el b Sai )y
correlation at z>1

regression line:
@ the same, lack of
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wal = Mhalo COTTelation

NIHAO
2 €[0.0,1.0] 2 € [1.0,2.0] 2 € [2.0,5.0]
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B Tlog X, = 0237. B Tlog X, = 0.263
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regression line: log \; = a + (1 + b) log Ay,
@ the same, lack of correlation at z21
@ a correlation develops towards lower z (-1<b<0)
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Agal = Analo NON-correlation

at infall
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logAgal

Agal = Analo NON-correlation

at infall

- change of
baryons spin wrt
that at infall

>\g - may depend
A, Systematically on s

- suppose(-£) o A}

Ah
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Agal = Analo NON-correlation

at infall

- change of
baryons spin wrt
that at infall

B >\g - may depend
g 08 ¥ T :
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regression line:
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Agal = Analo NON-correlation

at infall
. }\'gdl )\gasg)\dm
¥ - change of
baryons spin wrt
that at infall

R )\g - may depend
ey Fin .
A, Systematically on s

T e e = ==~ R A

- suppose (-
regression line:
log A, = (1 + b)log Ay,
bx-1 at high-z
lOg}\qlo -1<b<0 at low-z

) o< Ay

To explain the non-correlation requires mechanisms for initially high-in
systems to lose SAM in baryons and low-i, system fo gain sAM in baryons,

i.e., anti-correlation between A\¢/\» and A
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possible reasons for a Aq/\n - An anti-correlation

@ galaxy compaction (pekel & Burkert 14)
- a system starts with low A, and thus low Agas

- low Agas => high > ikpc (compaction)
- "Blue Nugget” (BN) forms -> high central SFR, gas depletion
- freshly accreted gas with high )4 forms a ring
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possible reasons for a Aq/\n - An anti-correlation

@ galaxy compaction )
- a system starts with low A, and thus low Agas

- low Agas -> high > 1kpc (compaction)
- "Blue Nugget” (BN) forms -> high central SFR, gas depletion
- freshly accreted gas with high )4 forms a ring

compaction happens
at a characteristic
mass scale
Metar21072 2 Msun
Mvir=10M“Mgun
(caveat: depend on
SF, fdbk etc)

earlier<— .
-0.2 0.0
log a/agy
log ( scale factor
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possible reasons for a Aq/\n - An anti-correlation

@ mergers

- halo mergers cause L, to rise

(orbital AM dominating i), while

Ag IS untouched yet

- halo re-virializes -> \, drops,

while Lq temporarily rises due to
~ the subsequent galaxy merger

Y

merger merger

(see also C. Lees poster) Fangzhou Jiang, May 17 KITP
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R =0.18,p = 0.059

Olog N = 0.236

Olog Moo 0.212

post-halo-
merger
snapshots

- removing post-halo-merger steps only gives a weak correlation,

- mergers alone cannot explain the non-correlation between \4 and i
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@ other possible reasons for smearing out the )4 - An correlation

IIT. inner halo - outer tilted ring
non-linear torques, dissipation
AM loss L.y — 0.04 & alignment

I. cosmic web

linear tidal torques
— impact parameter
Aeold™1. 71y ~0.3

spin parameter
2=(T/M)/(VZR,V,)

Danovich+15
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- time domain effect: )4

more dominated by
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— Impact parameter : :
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@ other possible reasons for smearing out the \q - A, correlation

IIT. inner halo - outer tilted ring
non-linear torques, dissipation
AM loss L.y — 0.04 & alignment

- time domain effect: )4

more dominated by
I. cosmic web recently accreted gas;

linear tidal torques Ah is integrated over
— Impact parameter : .

heeold™1. 7 Agn~0.3 accretion history — so
variations in incoming
streams from cosmic
web affect gas more

spin parameter than the halo
2=(J/M)/(VZRV,)

The settlement of g is

- violent disk instability: low spin (stellar/gas clumps) a very complicated
migrate in, higher SAM material remains at outskirts process, no wonder

not correlated with A\,

- feedback: may preferentially remove low-spin or high-
spin gas, part of which come back with higher/lower spin

Fangzhou Jiang, May 17 KITP




Agal @Nd Ainner halo Still have a correlation

median 2.0 < z < 5.0
median 0.0 < z < 0.5
| median + 16,84%

A
S
v
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(@)

-~
v
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O

O

@ fairly strong correlation between g and Agm(<r) out to r=0.2Ry;,
but not at very high-z

@ consistent with EAGLE (Zavala+16, see also J.Schayes talk):

tight correlation between the loss of sSAM of the inner (0.1Rvir)
DM and that of the baryons, by following Lagrangian volumes
Fangzhou Jiang, May 17 KITP




Alignment

o
&

o
-

—_
o

(A
0P
@)
)

e

~—

Q,

)

—0.5 0.0 0.5 +1]
<— opposite  cosOparam —> parallel

@ strong correlation of orientation: <cost> = 0.72 (gas-DM), 0.61 (stars-DM)
@ the mechanisms smearing out the )4 - An magnitude correlation should

not randomize the alignment too much
@ alignment weakens slightly towards lower-z, also seen in Illustris
(Zjupa & Springel 2017)
Fangzhou Jiang, May 17 KITP



Is A relevant for galaxy size?

VELA

- Kravtsov 13
Q@  median + 16,84%

N W
M M

'\
M

—>» 0.5dex €—

=== Somerville+17
QO  median + 16,84%

)’ 2| IIIIII| | | IIIIII| | L 1 11111
1073 1072 1071 109
)\halo

2 R V -— ' ]g h gL
o g h Rvn‘vvn“ erot
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Is A relevant for galaxy size?

e
=
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Te star / Tvir

e
=
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wwmw e Somerville+17
0  median + 16,84%

DIIIIIIII 1 lllllllI 1 1 1 111

10—f 1072 1071
)\halo
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O VELA [1 NIHAO

Kravtsov 13
median + 16,84%

W

107
T'vir [kp C]

@ VELA and NIHAO gives d|FFeren’r answer

~ RgVrot==] ] JE Hoe
]g & h Rvn‘vvn“ erot

VVII‘
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Is A relevant for galaxy size?

O VELA [1 NIHAO

Kravtsov 13
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@ VELA and NIHAO gives d|FFeren’r answer
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Is A relevant for galaxy size?

O VELA [1 NIHAO

Kravtsov 13
median + 16,84%
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@ VELA and NIHAO gives different answer

£ o R V == l e Rvir € a Rvir |
]g & h Rvn‘vvn“ erot =

random V;‘ot ‘/;:211‘(: 02
Fangzhou Jiang, May 17 KITP




Summary

o) dm
O gas

* star

@ with baryonic physics, Analo Similar to DMO; | () = 0.088, 7 = 0250

(\) = 0.032,0 = 0.261

baryonic spin (Agas, Astar) also log-normal, higher g3 (A) = 0.007, 0 = 0.369
in more massive (post-compaction) halos

@ no correlation between Lgqa and hnao at z>1;
weak correlation at lower z; hga and Adm(<0.2rv) |
still correlated; Aga-Analo alignment always good ) ey

m—edian 2.0 < 2z < 5.0
median 0.0 < z < 0.5

== median + 16,84% 3 mechanisms 'l'hall' Smear

out the correlation at
infall need to

- cause an anti-correlation

between Ag/Mn and s
- be less effective at low-z

Ag-Adm(<r) Correlation

- not randomize the
orientation

@ \nis perhaps irrelevant for galaxy size (?)

Fangzhou Jiang, May 17 KITP



Advertisement: SatGen —
a poor(wise) mans satellite
galaxy population factory

EPS merger trees

.l.

orbit integration

.l.

(sub)halo response

+

SHAM+

d?r i

-
-—"

similar model:

OPhalo1@=d(T) r

dt2

motivation: see

or

r

— Satellite profile / NFW host

Model
Bolshoi

evolved 1st

evolved 2nd
d 3rd

' unevol¥kd, surviving

unevolved




