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MS-DESI Goals

• MS-DESI is the Medium Scale – Dark Energy Spectroscopic 
Instrument

• Scale up BOSS to a massively parallel fiber-fed spectrometer 
at a 4-meter telescope.

• Stage-IV BAO/RSD, build upon BOSS
• Broad range of target classes: LRG’s, ELG’s, QSO’s
• Broad redshift range:  0.5 < z < 1.6, 2.2 < z < 3.5
• Sky area: 14,000 – 18,000 square degrees
• Number of redshifts: 20 – 40 million
• Medium resolution spectroscopy, R ~ 3000 – 5000
• Spectroscopy from blue to far-red, ~0.4 - ~1µm
• Automated fiber system, Nfiber ~ 4000 – 5000
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Potential LSST-MS-DESI overlap
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• Up to ~12,000 square degrees of DES-Mayall overlap, would 
be similar for LSST

• Potential to move instrument between hemispheres to get 
maximal BAO survey
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band.  The addition of u-band or z-band would improve the selection of those objects with 
bright emission lines and the sculpting of the redshift distribution. 

(3) QSO Tracers are an excellent tracer population at redshifts 1 < z < 2 where their numbers 
peak, although at number densities less than that of ELGs.  They can be selected from g,r,i-
band photometry with a high contamination rate (~50%) from stars.  The addition of deep u-
band data, multi-epoch photometry in any optical band, or existing WISE data reduces this 
contamination rate. 

(4) Lyman-alpha QSOs are those objects at z > 2.1 that represent the only opportunity for MS-
DESI to measure dark energy at these high redshifts.  The selection methods are the same as 
that for the QSO Tracers, but this is the one target class where uniformity of the targeting 
information or selection algorithms is not required. 
 

 
 
Figure 4.&&Aitoff projection of the low-reddening (E(B-V) < 0.094) extragalactic footprint suitable for the 
MS-DESI survey.  The total footprint is 23,800 deg2, where 11,800 deg2 is the equatorial region.  In this 

calculation the northern + equatorial sky visible from KPNO totals 18,000 deg2.  The southern +equatorial 
sky visible from CTIO totals 17,600 deg2.  The imaginary lines are at Dec=-28 deg and Dec=+28 deg. 

 
 
Imaging Requirements 
The ensemble of MS-DESI target classes requires pre-imaging survey in 2 optical bands in 
addition to the existing (full-sky) WISE satellite data.  The depths of these bands is ~23.5 mag 
(5-sigma AB), which is ~1 mag deeper than SDSS imaging but significantly more shallow than 
the weak lensing surveys of SNLS, DES and LSST.  The addition of a 3rd optical band would 
further improve the ELG target selection. 
 
Feasibility studies (BigBOSS and DESpec White Papers) have shown that of the surveys 
available by the start of MS-DESI (2018), probably HSC and DECam, will have the best image 
quality and depth. Both HSC and DECam can provide high success rate for both LRGs (z =0.5-
0.8) and ELGs at z > 1.  SDSS, PTF and WISE will perform well for selecting LRGs.  At 
minimum, one of Pan-STARRS1, iPTF, ZTF, WIYN/pODI, or the Mayall/MOSAIC instruments 
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MS-DESI targets

Four target categories:
1. Luminous Red Galaxies (LRGs)

- Selected to z<1
- Efficient BAO tracers due to large bias

2. Emission Line Galaxies (ELGs)
—Selected 0.5<z<1.6 when the Universe was forming stars
—Redshifts from [O II] emission lines

3. QSOs
- Target all of them

4. Lyman-alpha QSOs (at z > 2.2)
- 3-D density map from Ly-alpha forest z>2.2

4 million LRGs

20-30 million ELGs

2-4 million QSOs

1 million LyA-QSOs
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• For cross-correlation calibration of photo-z's, desire >100k  
spectra over >100 square degrees spanning full redshift 
(NOT necessarily magnitude) range of LSST gold sample - 
MS-DESI is overkill
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MS-DESI for deep surveys
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• MS-DESI vs Subaru/PFS:
• 5000 fibers vs 2500
• 4m aperture vs 8m

• Getting the same number of photons on the same number of 
objects will take ~2x longer survey time with MS-DESI

• >2x the observing time may be available 

• Example scenario: 300,000 LSST deep drilling supernova 
hosts in 300 square degrees

• ~60 nights total on MS-DESI to get host redshifts to r~24
• >600 nights with VLT/VIMOS, >2000 nights with Keck/

DEIMOS



BigBOSS, Shanghai, March 2013

BigBOSS Calibration Fields: 
A unique opportunity

• 4 to 6 deep fields (~30 – 40 deg2)
– characterize instrument and survey performance, sampling / 

completeness / selection functions, etc.

• Targeted in Pilot Survey and also ~ 1 per run:
– Denser sampling

– Deeper exposures (~ 4.5 h for some targets)

– Sampling / targeting TBD

• High legacy value for other science projects
– Building blocks of Galaxy Evolution Survey?
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First MS-DESI Meeting: 
March 5, 2013
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• DOE has charged LBNL to 
manage MS-DESI 

• No “downselect” between 
BigBOSS and DESpec

• CD-1 / Conceptual Design 
review late 2013

• Operations start 2018

Current status

Credit: M. Levi
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• Site selection (Science Alternatives Analysis) report recently 
submitted to DOE & NSF, now public.

• Evaluated scenarios for 70+% of dark time on Mayall/Blanco/
CFHT for 3-5 years

• Relative survey speed:1/1.17/1.44xKPNO
• Conclusion of Executive Summary:

Current status


