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e Part I: The IGM-galaxy cross-correlation at z<1
(Tejos et al. 2014, MNRAS, 437, 2017)

e Part II: The IGM within and around galaxy voids at z<(.1
(Tejos et al. 2012, MNRAS, 425, 245)

e Part III: The IGM in cosmological filaments at z<(0.5
(Tejos et al. 2014, in prep.)

e Summary & Conclusions



Part 1:

The IGM-galaxy cross-correlation at z<1
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Two-point cross-correlation

e Definition:

—

(e (7))
EaulF) = CRICH L.

e.g. Peebles 1980

 Pairwise estimator:

D, Dy — DRy — R, Dy + R, Ry
Ry Ry

fLs —

Landy & Szalay 1993
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Part 1:

Key results
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Linear dependence
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HI and galaxies do not trace
same structures

ag” | Egglaa

A(ag® / Egglaa)

12 12
1.0
& 10 g 0.9 10
= | 0.8
%-;= 8 0.7 38
| -
S . 0.6 .
O 0.4 :
g I
g 4 H0.3 4 :
S 2| 0.1 2 :
' 0.0 ! .
0 | O Il
0123456 0123456

Transverse separation, r, [Mpc]

Tejos+14



Part 1:

Subsamples



LOS separation, r [Mpc]
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LOS separation, r [Mpc]

'Weak' HI systems and
star-forming galaxies
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Part 1:

Interpretation



>50% of 'weak' HI syst,ems re51de in galaxy voids and hence not
correlated with galaxies. -

~100% Of star-forming galaxies and ~100% of ' strong HI systems
share the same locatlons in the cosmic web. |

(~25% of non-star-formihg galaxies reside in galaxy clusters and are
‘not correlated with HI systems; the rest 75% share locations with
'strong' HI and star-forming galaxies.)-

~10 Mpc

Star data from OWLS @ z=0 (Schaye+10)



Part 11:

IGM within and around galaxy voids at z<(.1



Experimental design
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Part 11:

Results



HI distribution W/r 'voids'
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HI distribution w/r 'voids'
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HI distribution W/r 'voids'
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Part I111:

The IGM in cosmological filaments at z<(.5
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HST/COS (12 orbits)

1 QSO whose sightline intersects 7 independent (27 total) cluster-pairs
The random expectations are ~1.6 + 1.5 independent (~3.5 + 4.2 total)

Clusters from redMapper catalog (Rykoff'+14)
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Part I111:

Results



HI in cosmological filaments

Distributions for HI sample
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HI in cosmological filaments

Distributions for HI sample
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Summary & Conclusions

~100% of both HI systems having N_>10" cm™and star-forming galaxies follow the same
underlying dark matter distribution, in the same volumes. Typical scales of ~5 Mpc.

(~75% of non-star-forming galaxies also follow the same underlying DM distribution, in the
same volumes. ~25% of non-star-forming galaxies reside in galaxy clusters and are not
strongly correlated with HI systems having N _>10" cm™.)

Galaxy voids are not empty. >50% of HI systems having N _<10" cm™reside in regions
devoid of galaxies.

(Low-density environments (voids) have smaller values for both NHI and bHI than higher
density ones (edges of voids). These trends are mild but theoretically expected.)

(The bulk of HI around galaxies have little velocity offsets (<120 km/s) w/r to the bulk of
galaxies. No strong outflow/inflow signal detected in HI.)

There is an excess of HI (narrow and broad) and OVI systems in cosmological filaments.
(Their masses could account for a significant fraction of the 'missing baryons' at low-z.)
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Future work
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All these projects are currently being further developed with new data.
We will reduce statistical uncertainties, and will better constraint systematics.

We are also developing new analyses on the IGM in the cosmic web.
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Conclusions

~100% of both HI systems having N_>10" cm™and star-forming galaxies follow the same
underlying dark matter distribution, in the same volumes. Typical scales of ~5 Mpc.

(~75% of non-star-forming galaxies also follow the same underlying DM distribution, in the
same volumes. ~25% of non-star-forming galaxies reside in galaxy clusters and are not
strongly correlated with HI systems having N _>10" cm™.)

Galaxy voids are not empty. >50% of HI systems having N _<10" cm™reside in regions
devoid of galaxies.

(Low-density environments (voids) have smaller values for both NHI and bHI than higher
density ones (edges of voids). These trends are mild but theoretically expected.)

(The bulk of HI around galaxies have little velocity offsets (<120 km/s) w/r to the bulk of
galaxies. No strong outflow/inflow signal detected in HI.)

There is an excess of HI (narrow and broad) and OVI systems in cosmological filaments.
(Their masses could account for a significant fraction of the 'missing baryons' at low-z.)
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Samples

Table 6. Summary of the ‘Full Sample’ used for the cross-correlation anal-
ysis, as a function of 7 .

<05Mpc <IMpc <2Mpc <I0Mpc <50Mpc Total

(D) (2) (3) (4) (9) (6)
Galaxies 141 466 1354 6871 19509 17509
‘SF’° 105 339 997 4756 9963 8293
‘non-SF’ 24 66 193 779 2011 1743
H1 - - - — — 654
‘strong’ - - - — — 165
‘weak’ — — — — — 489

10™ < Nar <1017 ecm™2 (“strong’)
1013 < Nyr < 10 ecm ™2 (‘weak’)

Tejos+14
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LOS separation, r, [Mpc]
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~10 Mpc

Star data from OWLS @ z=0 (Schaye+10)
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Gas data from OWLS @ z=0 (Schaye+10)
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Part 11:

Are their properties different?



Properties of HI w/r 'voids'
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Comparison to simulations
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Experimental challenge
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Dec. offset (Mpc)
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