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Volker Springel (Max Planck Institute for Astrophysics) et al. Image credit: X-ray: NASA/CXC/SAO; Optical: Detlef Hartmann; Infrared: NASA/JPL-Caltech
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IntroductionIntroduction

Tumlinson+17

The Circumgalactic Medium (CGM) is one of the main baryonic reservoirs of the Universe, so studying it is of crucial importance.
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How to study the CGMHow to study the CGM
Tornotti+25

Rubin+14
Emission line maps

“Down the barrel” spectroscopy
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Absorption-line SpectroscopyAbsorption-line Spectroscopy
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Absorption-line SpectroscopyAbsorption-line Spectroscopy
Galaxies are often associated exclusively 
with DLAs and sometimes LLS, however...
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Absorption-line SpectroscopyAbsorption-line Spectroscopy
Galaxies are often associated exclusively 
with DLAs and sometimes LLS, however...

 ...the real picture is far more complicated.

Hummels+19
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Blends of Strong AbsorptionBlends of Strong Absorption
How do we study these systems?

SDSS 2-pixel Resolution

Pieri+14

“Perfect” Resolution
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Blends of Strong AbsorptionBlends of Strong Absorption

Morrison+24
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Blends of Strong AbsorptionBlends of Strong Absorption

40x more SBLAs than DLAs.
20x more SBLAs than LLS.
Halo masses of about 10¹² M

☉
.

See Mat Pieri’s poster for more details! 

0618th Potsdam Thinkshop July 16th, 2025 

Morrison+24

Sub-parsec scales!!Sub-parsec scales!!



  

SBLASBLA
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Strong, Blended Lyman-alpha (SBLA) absorbers are defined as having:
● Low Lyman-α flux transmission (noiseless F

Lyα
 < 0.25);

● Large velocity scales (138 km/s).



  

SBLASBLA

However, there’s still many unanswered questions…

How effectively do SBLAs trace halos?

Can we generalise this?
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Strong, Blended Lyman-alpha (SBLA) absorbers are defined as having:
● Low Lyman-α flux transmission (noiseless F

Lyα
 < 0.25);

● Large velocity scales (138 km/s).



  

Fresh off the press...Fresh off the press...
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https://arxiv.org/abs/2507.08940

https://arxiv.org/abs/2507.08940


  

TNG50 SimulationTNG50 Simulation
We used the TNG50 simulation (Nelson+19) at z = 2 and z = 3, with access to mock SDSS-like and nearly resolved 
spectra in each pixel of the box. We have 4 million parallel spectra in random sightlines.

Muñoz Santos+25
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SelectionSelection

We selected SBLAs with the following conditions:

F
Lyα

 < 0.25

F
Lyα

 < 0.15

F
Lyα

 < 0.05

Next, we find the 
SBLAs inside halos:

2) Excluding DLAs

Where:

1)
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SDSS SBLAsSDSS SBLAs

Up to 78% of SDSS 
SBLAs find halos.

We are consistent with 
the mean halo mass 
from Morrison+24
(1012.25 M

☉
).

SDSS SBLAs seem to 
favour specific halo 
masses.

1118th Potsdam Thinkshop July 16th, 2025 

Muñoz Santos+25

78%

65%

56%

42%

27%

17%



  

SDSS SBLAsSDSS SBLAs

SDSS SBLAs are more 
numerous and cover 
more halo lines-of-sight 
at higher redshifts and 
higher flux 
transmissions.
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Muñoz Santos+25



  

Generalising SBLAsGeneralising SBLAs
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We rebinned each spectrum between 54 km/s and 488 km/s, in 30 km/s bins.



  

Generalising SBLAsGeneralising SBLAs
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Muñoz Santos+25

Clear relation 
between SBLA 
spectral size and 
halo mass…

But halo mass 
distributions are 
wide.



  

HierarchyHierarchy
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Muñoz Santos+25

Resolved SBLAs can trace the same system more than once – we need to understand which SBLAs 
are independent from one another!



  

SBLAs + HierarchySBLAs + Hierarchy
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Muñoz Santos+25

Distributions are 
narrower and peak 
halo mass is better 
defined!



  

Halo Mass and SBLA SizeHalo Mass and SBLA Size
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Halo Mass and SBLA SizeHalo Mass and SBLA Size
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Circular VelocityCircular Velocity
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Circular VelocityCircular Velocity
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Muñoz Santos+25



  

ConclusionsConclusions
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● SBLAs are powerful halo finding machines – nearly 80% of them find halos!

● We recover similar halo masses from observations;

● Increasing SBLA spectral sizes trace increasing halo masses;

● Hierarchical framework is crucial so that SBLAs can better distinguish halo masses, allowing 
for a wide selection (109.5 < M

h
 [M

☉
] < 1011.5);

● Further refinements are needed, but we are ready to apply this method to observations!
➢ WEAVE-QSO, KODIAQ, SQUAD, 4MOST, DESI, etc...

thank you!
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