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Abstract:

The intergalactic medium (IGM) represents the dominant reservoir of baryons at high re
cosmic web dominated by dark matter, and fuels on-going galaxy evolution. Using
nod-and-shuffle and dual-field subtraction, we have detected, for the first time, an emis:
forest is highly extended, shows filamentary morphology with filaments connecting ¢
absorption Lyman + forest, displays spectra resembling the absorption forest, and is cor
consistent with bias like dark matter. We conclude that the ELAF may provide a new too
cosmic web of baryons and dark matter. Finally, | will present status of the STABLE (
Brinson Exploration Hub balloon experiment, focused on emission from the Circum-QSO
cosmic web. SCWI offers the opportunity to image the cosmic web in the local univer:
properties to those at high redshift.
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l. IGM Project: Motivation

Global Quantities
— Luminosity L
— Mass M
— Velocity dispersion g,
— SizeL=06D
— Mass flux infout My, M,
— Angular Momentum L = 7x

— Minimize astrophysical "noise”

Density n, = N,/L

— Overdensity 6

— lonization I'/n

— Total density n =f(I', n)
— Pressure p=nkT

Timescales
— Cooling t.,,;~T/nA
— Collapse time t~6~
Morphology

— outflows/inflows
— shocks, filaments

Gas Kinematics
— Divergence V- v
— Rotation Vx v
— Kinematic morphology
— Mass flux in/out M;,,, M.
Large Scale Structure Mapping

— large scale structure statistics, P(k)

— Correlation of IGM with CGM and
galaxies, AGN

1/2

— Filling Factor f
Temperature T

— Heating/cooling balance
— Non-thermal support

Ideally combine UV/O+X-ray emission
and absorption+SZ+mm+...

2 Big Questions:
1. Can we detect it? vV

2. Can we extract physical parameters? v/

Page 4/36



l. IGM Project: Methods

A. Imaging/Multiplexed
UV Emission Line Spectroscopy
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D. Extracting Physical Parameters

Mass M

Velocity dispersion g,
SizeL=0D

Mass flux in/out My, M,,,;
Angular Momentum L = #X¥
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Quantum Efficiency (%)

C. High Efficiency,
Low Noise, Photon-Counting
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l. IGM Project: Program

FIREBALL/SCWI
XCwi Balloon I;?::(I
e 2050-2250A 3500-10,800A
1230-2500A 0.7<2,,,<0.85 S iy 75
0'05<ZLyu<1'2 Ba ¢ Lya ~ *+

Sidereostat
(provides fine
steering)

\ Spectrograph
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Fiber IFL N

Time since Big Bang 12 10
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Redshift
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FLUORESCENT Lya EMISSION FROM THE HIGH-REDSHIFT INTERGALACTIC MEDIUM
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Early observational hints: Bacon+21 MUSE XDF

Hogan & Weymann 87

Lyman-alpha emission from the Lyman-alpha forest

Summary. It i1s suggested that high-dispersion long-slit spectra or very
narrow-band etalon images of *blank’ sky could reveal patches of Ly-a line
emission from the population of clouds whose absorption produces the ‘Ly-a
forest” in QSO spectra. A non-observation can put limits on the ionizing
background at high redshift which are better than those obtainable by direct
measurements of background light.
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Dual Field Subtraction + Nod-and-Shuffle

“ >10 arcmin 4

Field A Field B
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Dual Field Subtraction + Nod-and-Shuffle

(c) Void [b=10]
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Simulation
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a) Emission correlated with galaxy-traced

structure
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Sgat2
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a) Emission correlated with galaxy-traced

structure
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a) Emission correlated with galaxy-traced

structure
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b) Emission is pervasive: large covering
factor Emission LAF =~ Absorption LAF
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c) Spectra: Absorption LAF =~ Emission LAF

Emission Lyman Alpha Forest (ELAF)

4000 4100 4200
MA]
Absorption Lyman Alpha Forest (ALAF)

Martin, Darvish, Lin+2023 Nature Astronomy
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e) Percolation SB < ALAF N(HI) ~ Filaments
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f Lya. Emission Simulation

R Cen '\
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u in emissioRdH
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i
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Data Cube (Field A)

irsa: 25070037 Page 17/36




Machine Learning Approach to Derivation of Physical
Parameters

Numerical Simulation Simulated Emission Real Emission Line

Line Data Cubes Data Cubes * Column Densities

* @Gas
» Dark matter
* Hi
* Flows
* Inflow
* OQOutflow
* Rotation

1 )

Bridging Model ' Physical
Toy Models  Analytical Models  Machine Learning Properties

Vary:
1. Halo target

Deng+25
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h) Machine Learning: Lya emission = N(H) column density

COLUMN DENSITY ESTIMATOR: CDE

TRAINING

Simulated 3D Gas Cube

W

Column Density Map Simulated Observation Cube
(Ground Truth) (Input)

i

Paired dataset

'

Tramed CNN Model (CDE)

N\

/

Deng+25 Deng+25
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Ay (arcsec)

h) Machine Learning: Forward model including analysis

Noisy cube after SS
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An example of noisy cube smoothing. SS (Simple Smoothing) smooths the noisy cube with a fixed spatial

Gaussian kernel of FWHM = 9”, while AS (Adaptive Smoothing) adjusts the smoothing scale based on local SNR.
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Ground truth CD map e

u

20

10

Ay (arcsec)
=)

I
—
o

-20
ey
=20 -10 0] 10
Deng+25 Ax (arcsec)

Pirsa: 25070037

CDE Proof of Concept

Noiseless Emission cube
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Deng+25
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RS boositng factor
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Noiseless Cube
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h) Machine Learning: Lya emission = N(H) column density
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lll. Low Redshift CGM: JO359b
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Schematic: Baryon Cycle in J0910b

Filament 1

Filament 2

Lin+2025 (submitted)
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Low Redshift CGM: JO359b
Derived Parameters

Table 4. CLOUDY-Derived Parameters for CGM Components in J0910b

Region logng [em™®] UV Boost? Z/Zg log N(H) [cm 7]
Counter-Rotating CGM

Point A ~1.16 4 0.08 4617 02070 20.34 0.5
Point B —2.34+0.07 5840 ¢ g f 20.3+0.5
Filamentary Inflow
Filament 1 ~ —3.8012:97 052729 0.07 +0.01 AT
Filament 2  —2.870-07 1.04+£0.1  0.26 4+ 0.06 20.8 + 0.8

AUV Boost is the ionizing photon field strength relative to the MUVB.

NoTE—Uncertainties reflect 68% confidence intervals from MCMC posterior
distributions.
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lll. Low Redshift CGM: JO359b

(el Interpretation

J0910b, z = 0.096
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Part 2

COS-Halos Galaxy

lll. Low Redshift CGM:

Ha Velocity
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lll. Low Redshift CGM
High Mass Galaxy with Satellites
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Lin+25b
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Surface Brightness

lll. Low Redshift CGM

Galaxy Survey
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Lin+25b
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lll. Low Redshift CGM
Galaxy Survey
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lll. Low Redshift CGM

Galaxy Survey
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