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Galaxy formation in the large-scale structure

p Galaxy formation occurs within the densest parts of the cosmic web

P Large-scale dark matter distribution correlates with that of baryon

Seminar in DoA, Tsinghua University, April 9, 2020 Vogelsberger+2014; Schaye +2014



IGM-galaxy connection probed by cross-correlation analysis

Intensity of light
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IGM-galaxy connection

4+ What type of galaxies (M.., SFR) strongly connect to the IGM?

4+ How is the connection vary among different galaxy populations?
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Methodology: cross-correlation analysis

» Cross-correlation between HI transmission excess 6F and galaxies
N(r) M(r)

1 1
£6F(T) - N(r) E wg,i(sg,i - M (r) E wran,j(sran,j

" Random points-

- F(z) :Lya foresttransmission
- Fcos(2) : Cosmic mean Lya forest transmission (Faucher-Giguére+08)
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Lee+16, 18




Data

. Observaton | Simulation

My, SFR?
? . My, SFR?
Galaxy populations?

CLAMATO Light cone from GADGET3-Osaka
30 x 24 x 438 (cMpc)? 100 x 100 x 438 (cMpc)3 at z~2
Lee+18 Shimizu+19; Nagamine+ in prep.

Cont. spec-z (570),
LAEs (19), HAEs (7), O3Es (85),
AGNs (8, 21), SMGs (4)

Galaxy
catalogs

90,000 star-forming galaxies
with Mx = 10° Mg

Seminar in DoA, Tsinghua University, April 9, 2020



Observations: CLAMATO

» CLAMATO
- COSMOS Lya Mapping And Tomography Observations
- Used 240 galaxies and QSOs as background lights
- 30 x24 x438 cMpc cube over 2.05<z<2.55

(Seg

Lee+16, 18



Simulations: GADGET3-Osaka

»p GADGET3-Osaka (Shimizu+19, Nagamine+ in prep)
= (100 cMpc)3 cubic
- Produce mock Lya forest data and measure O at each position

Peculiar vel.
causes line shift

1 I\ A 100 cMpc/h
— 3 | ‘ T Y o g 4 3
o “
Transmission é ( ) | ( )
; N g 1 k! 1
3 -4 i T T .Y L
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overdensity <= '5:
g 6 A : : 1 1
1.94 1.98 redshift 2.02 2.06
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L ovest tvansmission. .
Seminar in DoA, Tsinghua University, April 9, 2020 Y v > SWSS! gllde from Prof. Nagamine



Results & Discussions




The CCF of all galaxies in our simulation
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M., SFR? CCFs of galaxies depending on their M_, M,,,,, SFR and sSFR

sk (CCF of OF = F / {Fz) -1)

0.1 Underdense
" | Stellar Mass Halo Mass 1
OO ................. N P Mean density
J
-0.1 - |
-0.2 / — Vo= 1013| Overdense
/ m— M, = 101 ww= Mpr ~ 1012
-0.3 —/ |/ ~ 1010 m— |\/f5 ~ 1071
m— .. < 1010 s [|/lop < 1011
—04 L P TT LT RN PP
SFR sSFR
0.0 v, e eaa o
-01 L B
—02 B mem SFRz 100 |
s SFR ~ 10
_O 3 % = SFR ~ 1 / mmm SSFR =z 10-9
: / s SFR ~ 0.1 s SSFR ~ 1010
m— SFR < 0.1 s SSFR < 10-10
_04 R T R P
7 10 7 10 100

r [comoving Mpc]

Seminar in DoA, Tsinghua University, April 9, 2020



M., SFR? CCFs of galaxies depending on their M_, M,,,,, SFR and sSFR
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M., SFR? CCFs of galaxies depending on their M_, M,,,,, SFR and sSFR
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Galaxy populations? Preparation for calculations

| Continuum selected galaxies with spec-z |

Lilly+07, 09; Trump+09; Balogh+14; Le Fevre+15; Kriek+15; Nanayakkara+16; j
¢ Momcheva+16; van der Wel+16; Masters+17; Hasinger+18 §

X NB catalog x BB catalog X Photo-z catalog
Sobral+13 Terao+ in prep Laigle+16; Straatman+16

[O1I]
emitter

Hashimoto+13; SmoIGié+12; Brisbin+17;
Nakajima+13; Shibuya+14 Michatowski+17

» LAEs and SMGs measured spec-z by follow-up observations

» Cross-match with compiled spec-z catalog and give spec-z measurements

Seminar in DoA, Tsinghua University, April 9, 2020



Galaxy populations? CCFs
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Galaxy populations? CCFs
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Galaxy populations? CCFs

At v Z 5 cMpc
0.10 AGNS % SMGS
have the hiahest ccF Signal
0.05 | 2 3
Mpr= 10" — 10" Mg
0.00 |- S
—-0.05 |-
L
uS
_0.10 |
-0.15
-0.20
-0.25
14° 10 102
At v < 5 cMpc, r [I"I_1 MpC]
LAES have the hishest Sigha\ Myers+07; Wei+09; Guaita+11;
Allevato+11, 12, 14; Hickox+12;
Mpr= 1070 — 10" Mg Koutoulidis+13; Plionis+18;

Seminar in DoA, Tsinghua University, April 9, 2020 Kusakabe+18; Khostovan+19; Suh+19



Galaxy populations? AGNs and SMGs

0.1
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A negative bump at r ~ 57 Mpc/h

Located several Mpc away from a density peak = Proximity effects

Seminar in DoA, Tsinghua University, April 9, 2020



Galaxy populations? AGN types

PYhotoionization > &3S dccretion

0.10 » Different CCF trend
depending on AGN types
0.05 e
- IR identified:
0.00 AR SRR positive ¢sF (underdense)
~0.05 _i : | | )' | - X-ray identified:
N RN i EERN %*' negative §sr (overdense)
—0.10 -rriag Lot
015 |1 ! | i ] _ » HI gas density of the
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~0.25 N e - |IGM photoionization rate
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Yhotoionization { &3S dccretion

Seminar in DoA, Tsinghua University, April 9, 2020



Galaxy populations? Line emitters

= | [ne emitters
mmmm . Continuum selected

IR | [ | L | L [ N
=10 1 10 l 10 100
r [c o moving Mpc]

A few Mpc offset Comparable CCF
from a density peak = Similar IGM density

Stronger signal = Denser IGM

Seminar in DoA, Tsinghua University, April 9, 2020



Galaxy populations? LAEs

» Projected

HI density maps ., Underdense

1

0.0 Mean density

l

= Collapsing Az = 2 cMpc
around LAEs

- Map size: 30 x 24 cMpc?

—0.2
Overdense

» LAEs tend to be off-peaks

» LAEs may not trace
the same underlying IGM HI
which is traced by
other galaxy populations

Seminar in DoA, Tsinghua University, April 9, 2020



Galaxy populations? LAEs — further investigations
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» L y«—faint, Luv—Iluminous, and EW.yq—small subsamples
have higher CCF signal than their opposite subsamples

- They tend to be more massive than the opposite

» Massive LAEs can reside in high density regions than less massive one

Seminar in DoA, Tsinghua University, April 9, 2020 Kusakabe+19; Khostovan+19



Summary: What can we learn about the IGM-galaxy connection?

4+ What type of galaxies (M., SFR) strongly connect to the IGM?

= Galaxies with higher mass (and SFR) tend to reside in higher density regions

4+ How is the connection different among different galaxy populations?
= AGNs and SMGs are in the highest density regions over r > 5 cMpc
= HI depletion around several cMpc can be due to the proximity effect
= LAEs are in the highest density regions within r =5 cMpc
= They are not in peaks of the cosmic web, but in a few cMpc off-peaks

= HAEs and O3Es trace the HI density structure well,
though O3Es are in higher density

Seminar in DoA, Tsinghua University, April 9, 2020



Hypothesis of the IGM-galaxy connection depending on evolutional stage

MPc-Scale low {(— IGM HI C\eV\S’\t\j —) h’\gh

Hl density — | | | | |
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Hypothesis of the IGM-galaxy connection depending on evolutional stage
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Hypothesis of the IGM-galaxy connection depending on evolutional stage
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Hypothesis of the IGM-galaxy connection depending on evolutional stage
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Hypothesis of the IGM-galaxy connection depending on evolutional stage

MPc-Scale low (— ‘&M HI deV‘S’\t\j —> h'\gh
Hl deV\S\-l-,\j
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Hypothesis of the IGM-galaxy connection depending on evolutional stage

MPc-Scale low {(— IGM HI C\eV‘S—\t\j —) h’\gh

A aef-‘t, B '
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Proximity effect

Accretion > Photoionization
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Hypothesis of the IGM-galaxy connection depending on evolutional stage

MPc-Scale low {(— IGM HI C\eV‘S—\t\j —) h’\gh
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Proximity effect

Accretion > Photoionization
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