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Background

s

- Matter distribution
( Small scales: The distribution of mass within each halo

Halo model

How is matter distribute — ‘
in the universe?

\ Large scales: The spatial distribution of the haloes

Basic idea: Density field = packed haloes

More et al. (2015) Cooray & Sheth (2002)

halo interior structure halo spatial distribution matter distribution



Background

- Halo exclusion

Haloes are independent objects that do not overlap with each other

e Standard halo model

matter distribution around halo centre & (F|M) = (O (x| M)om(x + 1))

- p(r|m)
1-halo term: fﬁg(ﬂm) = 5 (small scales)

2-haloterm: & (rlm) = b(m)éL(r) (large scales)
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* Issues:
* Unphysical radius definition leads to the ambiguity in halo edges;

* Conventional model is defective on transition scales due to halo exclusion;

|

A physical exclusion radius matching to the halo model is needed




Background

- Depletion radius
« Mass flow rate: Im(r) = 47T7"2P(T)Ur(7“)

e Continuity equation of mass:
Op(r) N 1 0@y (rt)
ot d7r?  Or

Grow : dly/or <0, dp/dt >0
Deplete : dI,/dr > 0, dp/dt <0

=0

* Maximum infall rate: inner depletion radius R,
* Growth boundary: Grow vs. Deplete

* Exclusion boundary: Halo vs. Environment

1

R,, as a natural choice for the halo boundary

1

Build a physical halo model based on R,
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Fong & Han (2021)

Galactic halo: 12.05 <logM,;((z=0) =12.60 (327429)

[z, 10g Myir]
— [0.00,12.30]
— [0.12,1227]

[0.25,12.24]
— [0.53,12.16]

[0.76,12.09]
—— [1.03,12.00]
— [1.55,11.83]
— [2.02,11.67]
— [3.03,11.34]
—— [5.04,10.69]

r [Mpc/h]

Gao et al. (2023)




Depletion halo model

s

- A self-consistent halo catalog

small halo profiles

e Catalog cleaning:

10%7 4 —— 2=0.12,log My, = 12.48
z=0.25,logM,;, =12.47
1016 —— 2=0.53,logMy, =12.42

2=0.76,log My;; = 12.35

103l 1230 remove the haloes overlapping with more massive
neighbours

—— z=2.02,log My =12.03
—— z=3.03,logM,; = 11.86

y [Mpc/h]

y [Mpc/h]

* Exclusion scale: R (m,, m,) = R,y(m)+R, (m,)

* Isolated halo sample:  d >R,,(m)+R,,(m,)

y [Mpc/h]
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r [Mpc/h]

X [Mpc/h] X [Mpc/h]

Gao et al. (2023)



Depletion halo model

- Exclusion feature

o E=mdN

Enn(r|mi, my)

 Unit halo correlation Enn(r) = b ()b (ma)
. . _ An(r,m)|M)
» Halo-halo correlation function En(rim, M) = ————= — 1
n(m) 102E ———rrr —
] - éhh(r)
Exclusion scale: R (m,, m,) = R,y(m,)+R;4(m,) . [ —— &nn/lbiby] ]
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1. auniversal halo spatial distribution  &,,(r) = (FL)_7
0

e Self-similar for different halo masses
* Truncate at the exclusion scale

2. atruncation depending on the halo mass

1+ &pn (rlm1, mp) = [1+ b(m1)b(ma) & (r)IH(r — rv).



Depletion halo model

- Model framework

* Improvements: [ 1-halo term &n : Mass from the central halo

Epm (| M) .
¢hm  * Neighboring resolved haloes

| 2-halo term

£ 12 Onresolved haloes and mass

hm

new free parameter

* Ingredients:  adjust for isolated halo sample

halo mass function halo bias halo density profile
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o E=mdN

Effective bias factor: b,,,
*  Contribution of unresolved mass
* Obtained by fitting

* Mass conservation is maintained;



Results

- Fits to bias profiles

Relative density profile:

Mass range:

Radial range:

_ bhm(r) _ (0(r))
br) = Emm(7) - Emm(7)

1011547 TMy < Myi < 101537 TM

0.01h~'"Mpc < r < 20h~'Mpc

* Single free parameter: b

* b(r) with accuracy < 10% across wide radial and mass range

* Deviations of the highest-mass haloes on small scales are caused

by fixed parameter relation in the 1-halo term.

o rE=mad
Global fit
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b(r)
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Results

S o [
log,,m: [12.05,12.60]

- Compare with other works [ IR ]
101} ---- HWO08 u
* Hayashi & White (HW08): E N e DK14 :
. this work
Emoaar(r: M) Ein(r) if &in(r) > &onl(r), 7

’ Ean(r) if &in(r) < &on(r),
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* Our model: performs well on both intermediate and large scales 107 107 10° 10*



Summary

Depletion radius * |solated halo catalog

* Halo-halo correlation function

Halo exclusion . )
with exclusion features

physical model framework

the matter distribution Halo outskirts

o= o

Environment of haloes

* Our model reproduces b(r) with accuracy < 10% across wide radial and mass ranges;

* Mass conservation is automatically maintained in our model after considering the

unresolved mass;

e Our model performs well in both linear and non-linear scales compared with previous work.
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