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Large-scale structure of [OII] galaxies
(z<0.47)



World’s largest IFU on world’s (almost) largest telescope
78 x 448 = 34944 fibers across 22’ diameter field-of-view on 10-m telescope

Location

McDonald Observatory


(West Texas)

Wavelength Coverage

350–550 nm (Δλ=5.6Å)

Spectrograph Type

Integral Field Unit (IFU) # of fibers


34,944
Field of View


0.1 deg2 (22’ diam.)

Fiber Diameter

1.5 arcsec

Survey Type

Blind

Survey Volume

10.9 Gpc3~20 Mpc in one go!

Primary Mirror Size  

10 m

Redshift ([OII]) 

z<0.47

Redshift (Lyα) 

z=1.9–3.5

Only a fraction of the data!
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Texas-led  
$42M experiment

World’s largest IFU on world’s (almost) largest telescope



IFUs fabricated at AIP
It’s a beauty! 

Long fibers!
(Each fiber sees 1.5”)

Put into cables...

One IFU feeds 
two spectrographs

448 fibers per IFU

IFU being lit

“VIRUS” 
Visible Integral-field 


Replicable 

Unit Spectrograph



VIRUS on M51 and M101
M51

M101

Fill factor ~ 1/4.6





Why should you care? We observe the same sky as LoTSS!
Synergy with LOFAR Two-metre Sky Survey

• We have a huge number of 
calibrated spectra in 
λ=3500–5500 angstroms.


• On-going work with 
LoTSS members who are 
also in HETDEX 

• Cross-matching objects 
based on “value-added 
catalog”: 45K objects 
expected in 60 deg2 
covered by fibers

et al.



Large-scale structure survey with HETDEX
Simple: We tile the sky with lots of pointings with no-preselection

• As of August 2020:  

• 3100 pointings = 
160K IFUs x 448 
fibers/IFU x 3 dithers 
= 215M spectra 

• Goal: 468K IFUs = 
629M spectra. Big data!

“Spring Field” 
~390 deg2

~150 deg2

“Fall Field” 



We take spectra of a lot of objects without pre-selection



Scientific Goal
This is “Dark Energy Experiment”

• We have designed HETDEX to determine 
the angular diameter distance DA(z) and 
the Hubble expansion rate H(z) to a 
percent-level precision.


• We can detect dark energy at z>2, 
probing time evolution of dark energy 
density.


• We can also measure the linear growth 
rate of density fluctuations fσ8.


• We are the only players at z>2.4 Lasting 
impacts well beyond Euclid.Ariel Sánchez



SDSS-III/BOSS (z=0.6) (Forecast)HETDEX (z=2.5)



Beyond DE: Breadth of Science with HETDEX
Stars, galaxies, AGNs, …



Stacking analysis of (a subset of) LAEs

• Clear detection of very extended 
Lyman-alpha emission out to 160 kpc!

Maja Lujan Niemeyer, EK, et al. (to be submitted this week)

HETDEX is ideal for this type of analysis

In the end we expect to detect one million LAEs!



Lyman-alpha intensity mapping
No photons left behind

• One million LAEs over 468K IFUs is only a couple of LAEs per IFU.


• Each IFU contains 448 fibers. Are we wasting fibers?


• LAEs are detected over a certain signal-to-noise threshold. But, there are a lot 
of Lyman-alpha photons below the threshold.


• We can retrieve all photons by cross-correlating the locations of detected 
LAEs with intensities in the rest of fibers. 

• Purely internal to HETDEX, but cross-correlation with other data sets is an 
obvious next step. 

• No photons are left behind!



Simulation study of Lyman-alpha IM with HETDEX 

Shun Saito



LAEs below a signal-to-noise threshold
Intensity map!



Extracting intensity from a noisy map via cross-correlation



Chris Byrohl 
@PhD Defense

Holy grail: Mapping the cosmic web in Lyman-alpha. 
This requires (much) deeper observations than HETDEX.



Conclusion
The HETDEX has arrived.

• The HETDEX data are a gold mine. We take spectra of the Universe without 
pre-selection. Stars, galaxies, AGNs, meteors, …, and intensity mapping!


• HETDEX (Internal) Data Release 2 (HDR2): 215 million spectra (100TB!)


• We will have 629 million spectra in the end.


• The survey is expected to be complete in 2024.


• We are planning staged public data releases.


• On-going collaboration with LOFAR Two-metre Sky Survey. We will likely have 
many other collaborations with other surveys.
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