Formation of gas-rich galaxies in the halos
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Gas as fuel of star formation plays key roles in galaxy formation
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The Galaxy Stellar Content
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The Gas Content of Galaxies

Hl-Halo Mass Relation?
OF HI Mass Function

Martin et al. 2010
Zwaan et al, 2005

logo| My Mo h ™7



Why do we care about the halos in HI studies?
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Why do we care about the halos in HI studies?
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Controversial predictions of HI-halo mass relation in current models
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Contradictory measurements of clustering of Hl-selected galaxies

Strong Dependence!
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ALFALFA o..70 Sample: the largest HI sample of galaxies
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16,000 galaxies with 0.0025<z<0.05 and M,,>108M,,,



Our Measurements of projected 2PCF with ALFALFA a.70 sample
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 Larger sample, better S/N

e Careful corrections of sample
selection effects

* Multiple statistical methods to
test the reliability of the results

Strong dependence
on HI mass at r, above a few Mpc
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Galaxy bias as a function of HI mass from various statistics

log (M, /M)

8 10 12 L4
1.2 TYII]'VITI]ITVIIWITY[TTI 2 ' | O UETH | r' PR r' 1 VT
(2 b ALFALFA " Halo biss )i
- 'p - E ..0.' N
1 :. b"nulr B 5
o b‘ 15 5 4=
R o08F 73 : 3
T INET L it A .
A EIil zeRE ¢ i ENA wwl A 3
a 0.6 T! 3 =1 WV \\- e :
o : SR e
ata A 05 - =
- —— hest—fitting model - b eeeens Tinkeer+(2005) -
0.2 FETRI FNTH Y FNETE AR AT ~11 T TR PRI AN
8 85 © 985 10 105 1 1.5 2 2.9 3

log (M /M) log (V ./ Kin =71)

Bias of Hl-rich galaxies is smaller than the minimum bias of dark matter halos!

The clustering cannot be solely explained by halo mass



Additional halo parameters must be included in the modelling

* Halo Assembly Bias: halos at fixed mass can be clustered differently due
to different assembly histories

* Assembly history is likely a driving parameter of galaxy color and gas
content for galaxies hosted by halos of same masses
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Model Construction: abundance matching + age matching

Only one free parameter:
Maximum halo formation time, z,,,,, determined
through fitting the clustering measurements
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This model can well explain the clustering at all M, masses
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Hl — Halo Mass Relation and Halo Occupation Distribution
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HI-rich galaxies can be hosted by massive halos, if the halos formed late
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Current simulations and semi-analytic models predict contradictory Hl-halo relations,
which can be constrained by the clustering of gas-rich galaxies
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Updated with ALFALFA 100% DATA
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Predicted HI Mass Functions
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* The lllustris simulation overpredicts the abundance of gas-rich galaxies

* Our HIMFs for central/satellite galaxies can be tested using galaxy

groups/clusters with deep HI observation (science case for FAST?)
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IHlustrisTNG Simulations

Nustris TNG100 TNGS0
Overview:
Specs L7 8n 1 B20FP L78n1820TNG LASr2180TNG L20812500TNG
MMD " ] yos yos
Coamology WMARY Planck 2015 Plangk 2015 Planck 2015
Box and Resolution:
Lbox [Mpc] 106.5 110.7 51.7 026
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HI+H2 Modeling in [llustrisTNG
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Comparison between TNG and ALFALFA100 data
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Halo Assembly Effect in TNG

log(M,,/Mg)
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Hl-rich galaxies tend to live in
young, low-concentration, and
high-spin halos

Halo assembly bias confirmed in TNG!




* Distribution of HI gas in
the large scale structure

* At low redshift the Hl is
mostly locked inside
galaxies.

> » »

L ’ X

b L |

»
o

. » 2 x L
s e - .

Villaescusa-Navarro et al. (2018)



a log(c) log(A)

. 0.0 0.1 02 0.3 04 05 06 06 08 10 12 14-20 -18 -1.6 -14 -1.2 -1.0
Evolution of the HI cmmmmae} e T Cummes
. h | [ 10.5<log(M/Mg<11 , T 10.5<logM/MJ<11 , T 10.5<logM/Mg<11 , ]

content In halos

log(Myy; ,-o/ Mg

=2

There is strong growth of HI
mass in young, low-
concentration, and high-spin
halos

log(Myy; -0/ Mg

N
i)
O
(7))
(7))
©
=
T

: : T I T T T I T : : I : T
T 11.5<log(M/Mg<12 , ]

::;@_/_f"\"‘*/‘

log(Myy; ,-o/ Mg

log(Myy; -0/ Mg log(Myy; -0/ M) log(Myy; ,-o/ Mg

HI mass at z=0




Merger-driven Formation Scenario for Gas-rich Galaxies

Time
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Large HI mass is recently
accreted into high-spin halos



Summary

* Galaxy clustering strongly depends on HI mass, with stronger clustering at
higher HI masses

 Abundance matching combined with halo age matching model can
successfully explain the observed clustering

* Hl-rich galaxies can be hosted by massive halos, provided that the halos
formed late

e Current simulations and semi-analytic models predict contradictory Hl-halo
relations, which can be constrained by the clustering of gas-rich galaxies



