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Rees & Ostriker 1977, Silk 1977; Binney 1977; White and
Rees 197/8:
? @5%#(,A511%#5,B#%C.-)%#5&#&C*#I('(51#'5B (2% #& #&C*#I('

? E1.F1G#-..1%#5,B#(,A511%#&.#A.'3#&C*#B*,%*#-*,&'51#-.3D.,* ¢
&C*#H5151G

Dekel and Birnboim 2003; Keres et al 2005; van de Voort
2011; more...:

o J.&#511#HSY%#(WBB & B/#H5,BH&EC*#A'S-&(. . #. AK6E&)BA#HS Yo
B*D*,B%#. #&C*#C51.#35%%

o 0.1B#3.B*#5--*&(.,#B.3(,5&*%#5&#1.F#*B%C(A&Y#(,#C51.%#F(
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- clustering + halo occupation can constrain cosmologies
? @%$+0%4#+%,&',(@"01'C"++.0

KPredict the amount of substructure given mass and concentration of
halos

? 6-3$%*$',('1")"'D3'E,02"+%,&
- Which properties of dark matter halos influence the baryonic galaxy?
- What is the effect of baryonic processes like feedback on galaxies?

Wechsler & Tinker 2018
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-Vym  (Conroy+ 2006)
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Simulation Name Lyox[M pc] Npm mpm [Mo] Mgas [Mo] Nsnap Nsubfing(z = 0)
110.7 1820° 7.5%x10° 1.4x10° 100 4371211
110.7 1820° 89x10° 0 100 5012155

E*1*-&*B#HS1RIGH]L . #D5("%#&CS5&#F*R¥k19*B
(,#4.&CHRI@<==#5,B#R I H~

? THU2(*BHN,VWHEN ..o (#RI@<==
? THU2(*B#N VWHEN .0 (#RI@<HS5)

Halo Sample:
total: 11927
centrals: 9590
satellites: 2337




Stellar Mass (Mg/h)
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Mpeak Shows less scatter than M,
largely due to a reduction in the scatter for satellite galaxies
~The dependence on mass at high masses is the same~



Stellar Mass (Mg/h)
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Va.x SNOWS even less scatter than M
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most clearly in the lower mass galaxies




OE)6.'4%'67".$0"F0&."2-5.'67">0).E5
2.)61)51"20.

Z | 108 (Mrrue/ M predicrion) |
Error = 2
N

11927 9590 2331 11927 11927

Number of galaxies (Mpy > 10'! M)
All Centrals | Satellites | Mix | % Improvement

Galaxy Sample
Rank Ordering using Mpy, 0.198 0.130 0279 0.139 -
Rank Ordering using M 4 0.136 0.127 |C 0.133 ) 0.128 19
Rank Ordering using v,,,, 0.116 0.106 | 0.137 0.112 30

e —



gravitational collapse

£y,

tfo,.m Omonolithic collapseO

M x O W peak

S
3
g G 2 - t_z A(T 9 . §pmakamax
— = ‘form ( max)Pmax = |
= tCool,jorn-r
3 1
-5 _ -
02 t form X Pmax- tCOOl,f orm % P maxf
% where f EA(Tmax)/ Tmaxf
O
N
p - Mmax
max —
%ﬂ'r?nax
4 M max -« 3 3 )
2 X\ 5 :
M, o Ml)f’akpma.\‘f oc ( 2 eVl V2 = %
max max Fmax

(Eggen+ 1962)

Q4 Teool form

halo density
and velocity

radiative cooling
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[ZV: | 108 (Mrrue/ M predicrion) |

Error = N
Number of galaxies (Mpy > 10" My) | 1659 1463 196 1659
Galaxy Sample All | Centrals | Satellites | Mix
Rank Ordering using Mpy, 0.132 0.118 0.181 0.126
Rank Ordering using M .. 0.120 0.118 0122 0.119
Rank Ordering using vmax 0.124 | 0.123 0.129 0.124
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¢ = VI’lOFWl g ml’lOFWl

Viorm = Vmax/ Vimax,12.7 Mporm = M peak/ 1012'7
Number of galaxies (Mpy > 10! M) | 11927 9590 2337 11927 11927
Galaxy Sample All Centrals | Satellites | Mix | % Improvement
Rank Ordering using Mpy, 0.198 0.130 0279 0.159 —
Rank Ordering using M, 0.136 127 0.133 0.128 19
Rank Ordering using v,,,x 0.116 0.106 0.137 0112 30
Rank Ordering using ¢ = Vorm + Mporm | 0.111 0.101 0.119 0.105 34

Lehmann+ (2017) used a
similar “composite” - e\
feature for abundance Va = Vvir ( ) ,
matching:

729 -
Uvir
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e formation time
e halo concentration

* [ocal environmental density
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The halo is more
massive at early
times, when there is
more gas to accrete

and form stars
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Martizzi+ 2020
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Number of galaxies (Mpy > 10" M) | 11927 9590 2351 11927 11927
Galaxy Sample All Centrals | Satellites | Mix | % Improvement
] @t Viisy 0112 0.102 0.117 0.105 0
Mass proxies TR 0.111 | 0.101 | 0.117 | 0.104 I
¢ + Mpuy 0.105 0.101 0.110 0.103 2
¢ + Mpear 0.111 0.101 0.117 0.104 1
halo size O + Tpax 0.111 0.101 0.118 0.105 0
¢ + I'py 0.105 0.100 0.114 0.103 2
_ ¢+ c, 0.111 0.101 0.118 0.105 0
concentration ¢+ Ci 0.109 | 0.101 0.117 | 0.104 I
¢+ c, 0.109 0.101 0.116 0.104 1
& + Lreat 0.105 0.101 0.110 0.103 2
formation time it 0.106 | 0.099 | 0.116 | 0.102 3
¢ + Igs 0.104 0.099 0.111 0.101 4
& + Mpuyr<impe 0.104 0.100 0.115 0.103 2
Bhuironment ¢ + Mpurr<2mpe 0.103 0.099 0.113 0.102 3
ettt & + Mpumr<smpe 0.105 0.099 0.115 0.102 2
¢ + Mpurr<smpe 0.107 0.100 0.116 0.103 2
¢ + Mpumr<i5mpe 0.109 0.100 0.1.17 0.104 1
ran kmg Rank Ordering using ¢ = v,orm + Muorm | 0.111 0.101 0.119 0.105
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d be TBD - just be nice.

import numpy as np

import matplotlib.pyplot as plt
import pandas as pd

import sklearn

import time

from scipy import stats

from sklearn.model_selection import train_test_split

from sklearn.model_selection import cross_val_score, cross_val_predict
from sklearn.model_selection import KFold, StratifiedKFold

from sklearn.model_selection import GridSearchCV

from sklearn import metrics

from sklearn.metrics import confusion_matrix

from sklearn.preprocessing import scale

from sklearn.utils import shuffle

from sklearn.preprocessing import LabelEncoder

from ea+n,. ensemble import RandomForestClassifier, RandomForestRegressor

fro @ eature_selection import SelectFromModel

| . . : | . . : | - |
Pedregosa+ 2011
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ature ranking:

. feature:
. feature:
. feature:

vnormMnorm, 2 (0.867145)
Mpeak, 3 (0.056724)
vmax, 1 (0.022002)

. feature:

t85, 6 (0.008597)

. Teature:

vdisp, / (0.006519)

feature:

. feature:

M2Mpc, 11 (0.005737)
t50, 5 (0.005414)

O OO S| L1 B (W N =

feature:

M5Mpc, 12 (0.003322)

. feature:

MIMpc, 10 (0.003297)

10.

feature:

Concentration vratio, 16 (0.003278)

11.

feature:

M8Mpc, 13 (0.002611)

12.

feature:

tpeak, 4 (0.002584)

i B

. Teature:

M15Mpc, 14 (0.002453)

14,

Teature:

R_dmhalfmass, 9 (0.002348)

15,

feature:

Concentration rratio, 17 (0.002302)

16.
17

feature:
feature:

MDM, @ (0.002260)
R_vmax, 8 (0.001610)

18,

feature:

Concentration_illustris, 15 (0.001475)

19.

feature:

satlcen®, 18 (0.000323)
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cvmethod = KFold(n_splits=5, shuffle = True)

parameters = {'max_depth':[10,14,20], \
'max_features': [3,4,6,8,9,10,12,14,15,16,17,18,19], 'n_estimators':[50,100,200]}

nmodels = np.product([len(el) for el in parameters.values()])

gmodel = GridSearchCV(RandomForestRegressor(), parameters, cv = cvmethod, \
scoring = 'neg_mean_absolute_error', \

verbose = 1, n_jobs = 4,return_train_score=True)
start = time.time()
gmodel.fit(normalized_X, y)
stop = time.time()
print('Best params, best score:', "{:.4f}".format(gmodel.best_score_), gmodel.best_params_),
print('Time per model (s):', "{:.4f}".format((stop-start)/float(nmodelsx4)))

Fitting 5 folds for each of 117 candidates, totalling 585 fits
[Parallel(n_jobs=4)]: Using backend LokyBackend with 4 concurrent workers.

[Parallel(n_jobs=4)]: Done 42 tasks | elapsed: 41.0s
[Parallel(n_jobs=4)]: Done 192 tasks | elapsed: 7.0min
[Parallel(n_jobs=4)]: Done 442 tasks | elapsed: 18.9min

[Parallel(n_jobs=4)]: Dope~585 owf of 585 | elapsed: 28.2min finished
Best params, best scoref -0.0920 max_depth': 20, 'max_features': 10, 'n_estimators': 100}
Time per model (s): 3.6320

7% improvement from 3 features...

Best Score uses 10 features.....



Q>Q"1-0&"6-."50RE'50"MN"40).E50&
*.:"055-5

params mean_test_score std_test_score

71 {'max_depth': 14, 'max_features': 3, 'n_estimators': 200} -0.092174 0.000666
47 {'max_depth': 10, 'max_features': 5, 'n_estimators': 200} -0.092233 0.000827
43 {'max_depth': 10, 'max_features': 4, 'n_estimators': 200} -0.092249 0.000832
67 {'max_depth': 14, 'max_features': 2, 'n_estimators': 200} -0.092255 0.000717
39 {'max_depth': 10, 'max_features': 3, 'n_estimators': 200} -0.092256 0.000767
75 {'max_depth': 14, 'max_features': 4, 'n_estimators': 200} -0.092263 0.000815
42 {'max_depth': 10, 'max_features': 4, 'n_estimators': 100} -0.092277 0.000716
66 {'max_depth': 14, 'max_features': 2, 'n_estimators': 100} -0.092285 0.000449

perhaps there are several similarly relevant predictors...
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Consider V. (OF Vigay)
Consider local environment at halo formation time

Test the impact of feedback






