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5.3 21 cm Survey

A new dedicated 21 cm instrument with an optimized antenna array, larger collecting area, and su�cient
frequency coverage could significantly improve on measurements of large scale structure, extending them
to higher redshifts (either before or after the epoch of reionization). It could also probe weak lensing
distortions of fluctuations by structures along the line of sight. None of the currently planned experiments
are looking into this regime, but the likely configuration could be similar to the Canadian Hydrogen Intensity
Mapping Experiment (CHIME) with more collecting area – of order (200m)2 – to obtain higher redshift
(lower frequency) information. Many of the technical issues are in the sweet spot of DOE capabilities and
are outlined in the accompanying Technology document.

5.4 High Resolution Spectroscopy of a Billion Objects

A most ambitious project would be one that obtained high resolution spectra of a large fraction of LSST
objects. Such a Billion Object Apparatus (BOA) would come close to attaining the parameter improvements
depicted in the right panel of Fig. 1 and open up many avenues for new discoveries. Here we outline some
of the requirements, and these form a natural segue to the accompanying Technology document.

The DESI spectrogram will take spectra of 5000 objects using 10 spectrographs with 500 traces each. The
Prime Focus Spectrograph (PFS) instrument is similar and the Maua Kea Spectroscopic explorer is somewhat
more ambitious. Assuming a modest improvement in technology to a 2000 trace-spectrograph taking tens of
thousands each, it seems that tens of thousands of traces simultaneously should be technologically feasible.
An important improvement would be to extend the redshift range into the red using new Ge CCDs. The
spectral resolution requirement should be studied more carefully but likely the current sweet-spot of around
R ⇠ 2000� 4000 should continue to be su�cient.

It is unlikely that the DESI model with robotic fiber positioners will scale to this task. Making mechanical
positioners smaller is di�cult: a solid state solution would be preferable. There are several options available,
all of which would require further R&D. One possibility is to route light around using an image slicer and/or
micromirror arrays. Perhaps the most compelling strategy would be to project thousands of fibers along
the same spectroscopic trace and only let the light pass through selected fibers using microshutters or an
equivalent strategy. This would allow one to fill the focal plane with fibers at packing e�ciency around 50%
and then use dithering algorithms to account for dead space.

As the number density of fibers increases, there will inevitably be fiber positioning ine�ciencies in any system
with a finite spectral trace “patrol radius” (including current DESI and PSF designs). However, large number
of fibers that are not taking object spectra could be used for Lyman-↵ (and other line) intensity mapping of
the IGM. Moreover, even for spectra with objects on them, since the noise is dominated by the sky noise,
their statistical utility after the model for the targeted object is subtracted should be roughly the same (but
there might be subtle systematic e↵ects associated with this procedure).

Cosmic Visions: Dark Energy


