Cosmic Galaxy-IGM HI Relation at z~2-3
probed 1n the COSMOS/UltraVISTA




Baryonic processes 1n the large scale structures

bbaryonic processes

between galaxies and the intergalactic medium (IGM)
In the large scale structures(LSSs)

IS a clue to understand the galaxy formation

Gas Density 2



HI 1s probed with Lya forest absorptions

Neutral hydrogen HI in IGM is probed with Ly o forest absorptions
In spectra of background quasars (+bright star-forming galaxies)
Multiple sightlines provide the spatial distribution of HI gas
—>Recent active studies illustrate the distribution of HI in LSSs
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'We would like to know:; ;\
what is galaxy-HI relation in large-scale like? |

Ty
Co000o~
oONPDHOO

120 140 160 180 200 220 240 260
z (h" Mpc)

MAMMOTH (Cai+15) 7

= e — —— e e —— —




What 1s galaxy-HI relation 1n large-scale like?

We Investigate spatial correlations of galaxies and HI
in the COSMOS/UltraVISTA field covering the 1.62deg?
Compiled photo-z galaxies & Background quasars from SDSS

credit:BOSS

Background QSQs
from the SDSS-III

~Galaxies from

COSMOS/UltraVISTA

redit:esa *
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13,415 photo-z galaxies at z~2-3
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Galaxy and HI Overdensity Estimation

_i HI absorptlon Estlmatlon i
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Galaxy and HI Overdensity Estimation

s— Example spectra of background QSO
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0.2- Observations

Galaxy-IGM HI Correlation

R P T ——

Galaxy Overdensity

a spatial anti-correlation between 0g,] and 0
Spearman’s rank correlation coefficients POpgbs = - 0.39 (~90% c.l.)
high-z galaxies exist around an excess of HI gas in the Ly« fores’c1 0



Simulated Galaxy-IGM HI Correlation

0 2_ e Observation
e Simulation:Random

sightline

4 Strong HI Absorption

:Volume (80 h-'cMpc)3 5123cells
:DM halo—> mock galaxy:

: Abundance Matching & SHMR
Ly a transmitted flux: FGPA

Cosmological hydrodynamical simulation with the RAMSES code
a weak anti-correlation agreeing with the observational results

11



4 Strong HI Absorption

Xy-1

GM HI Correlation
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Simulated Galaxy—IGM HI Correlation
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We use the simulations and search for cylinders whose Ogal - 0(F)
value are similar to the 4 cylinders from observation results 13



Four Cylinders with an extreme value:

Physical origin?

Cylinder A:
Aobs coincides with one of the proto-cluster candidates (Chiang+14)
a large galaxy overdensity is associated with the large amount of HI gas
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Four Cylinders with an extreme value:

Physical origin?

Cylinder A:
Aobs coincides with one of the proto-cluster candidates (Chiang+14)

a large galaxy overdensity is associated with the large amount of HI gas
z=2.24
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Four Cylinders with an extreme value:

Physical origin?

Cylinder B:
Bsim goes through gas filaments
Bobs would penetrate gas filaments with moderate number of galaxies
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Four Cylinders with an extreme value:

Physical origin?

Cylinder C:
Csim penetrates a large void of LSSs and goes across a gas filament
Cobs would penetrate large void and go across a gas filament
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Four Cylinders with an extreme value:

Physical origin?

Cylinder D:
Dsim penetrates low density filaments
Dobs would through the orthogonal low-density filaments
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Possible physical pictures

ﬁlamentary large scale structures
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simulations suggest that the observations would penetrate...

a galaxy overdensity like a proto-cluster, gas filaments, a large void,
and orthogonal low-density filaments

filamentary large-scale structures and observations sightline effects
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We investigate spatial correlations of galaxies and IGM Hl
in the COSMOS/UltraVISTA 1.62 deg? field at z~2-3

Ongoing Work:
HETDE)%(Hobby Eberly Telescope Dark Energy Experiment)
434deg , z=1.9-3.5, 0.8M LAEs
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