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From ELT to VLT…



From ELT to VLT…



Barbuy et al. (2014)

Grating was key technical area 
needing further study/R&D

CUBES Phase A



SPIE 2018 (arXiv:1806.11173)

Cassegrain U-Band Efficient Spectrograph

CUBES revisited





Barbuy et al. (2012)CUBES: Galactic science



Bovard et al. (2017)

Testing predictions of different channels for r-process nucleosynthesis

Binary NS mergers: Magneto-rotational Sne:

Nishimura et al. (2017)
Near-UV essential: YII, ZrII, NbII, PdI, AgI, BaII, LaII, CeII, NdII, 
EuII, GdII, TbII, DyII, HoII, ErII, TmII, OsI, IrI, PbI, BiI, ThII, UII

CUBES: Galactic science



Smiljanic et al. (2009)

Spite et al. (2019)

• Be abundances: Limited to 10s of stars with UVES/Keck-HIRES

• Increased efficiency of ~3 magnitudes 
è samples of 100s in ambitious large programme



ESO release #3



Bessell et al. (2015)

[Fe/H] < -7.5

[Fe/H] = -5.4

CUBES: Galactic science

Nordlander et al. (2017)



See poster by Colin SnodgrassSearching for water in the asteroid belt…

Credit: ESO

CUBES: Galactic science

Snodgrass et al. (2017)
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CUBES: Extra-galactic science

Credit: Jure Japelj



Contribution of galaxies (cf. QSOs) to cosmic UV background

 

z = 3.999 (Vanzella et al. 2018)Need greater near-UV sensitivity to probe f_esc

CUBES: Extra-galactic science

KLCS sample @ z~3 (Steidel et al. 2018)



CUBES: Phase A optical concept

Updated Phase A concept (kindly provided by B. Delabre)



Spectrograph:
• 3 bands: 305-335, 328-361, 355-390 nm
• Can optimise each band
• One detector for all 3 bands

Philosophy: manufacturability (slices/lenses) and optical transmission

Image slicer:
• 6 slices x 0.25” on-sky
• Tot. width: 1.5” è minimal slit losses

ADC:
• Greater observational flexibility
• Minimal offset to slit viewing λ KCWI: Morrissey et al. (2018)

CUBES: Alternative optical concept



Telescope focus

2 mirror 
collimator

ADC silica prisms

Tip-tilt fold mirror

2 mirror 
reimager

FOV 10x1.5arcsec imaged 
@ 0.25arcsec=0.5mm

onto 6 slices each 0.5x20mm 6 Slice reimaging 
mirrors

Reimaged slices @ 0.25arcsec=0.2mm

CUBES: ADC & Image slicer

ADC: silica prisms
• Greater observational flexibility
• Minimal offset to slit viewing λ
• Deviation corrected via TT mirror

40mm collimated beam



Telescope focus

2 mirror 
collimator

40mm collimated beam

ADC silica prisms

Tip-tilt fold mirror

2 mirror 
reimager

FOV 10x1.5arcsec imaged 
@ 0.25arcsec=0.5mm

onto 6 slices each 0.5x20mm 6 Slice reimaging 
mirrors

Reimaged slices @ 0.25arcsec=0.2mm

CUBES: ADC & Image slicer

Image slicer: 6 slices x 0.25” on-sky
• Total width: 1.5” – minimal slit losses
• 0.5mm slices feasible (cf. KCWI)
• Smaller beam at grating
• Allows pupil to be reimaged on grating



Spectrograph: 3 bands

• Separate collimator, gratings, cameras 
è can optimise each band

• Spherical lenses (bar one conic)

• Bands have 6nm overlap, no gaps

CUBES: Spectrometers
Image slicer output slits

Band 3

Band 2

Dichroics
AOI <10o

Band 1

3 spectra imaged 
onto one detector



Band 1
305-335 nm

Band 2
328-361 nm

Band 3
355-390 nm

ADC (3MIR, 4AR) 0.95 0.95 0.95
Slicer(4MIR) 0.98 0.98 0.98

Dichroics 0.94 0.91 0.94
Camera (3MIR,11AR) 0.89 0.91 0.90

Optics total 0.78 0.77 0.79
Grating 0.90 0.90 0.90

CCD 0.85 0.85 0.85
Instrument intrinsic DQE 0.59 0.59 0.60

Telescope 0.72 0.72 0.72
Overall DQE 0.43 0.42 0.43

Assumes:
AR coatings R ≤ 0.6%    (POG BBAR 280-450)
Mirror R ≥ 99% (Thorlabs standard coating)
Dichroics T ≥ 97%, R ≥ 97% (Based on measured dichroics)

CUBES: Efficiency



• Prototype manufactured by Fraunhofer IOF

• e-beam lithography & atomic layer deposition

See Burmeister et al. (2018)
SPIE/10706-74

3448 lines/mm, 250 x 130 mm

CUBES: Grating



CUBES: Grating efficiency (PTB)



Dispersion direction

From internal report by
Alessio Zanutta & Andrea Bianco

• Minimal ghosts (10-5) cf. expected on-axis counts

• Ghost spectra (spatial direction) linked to e-beam mask

• IOF have developed further techniques to minimise ghosts

CUBES: Grating performance



• Consortium: depth in relevant expertise

WP1: Management
WP2: Pre-optics
WP3: Spectrograph

WP4: Detector system
WP5: Science (incl. DRS)
WP6: EICS
WP7: AIT/Handling

CUBES: Next steps

Order-of-mag estimates:
• Effort: 30-35 FTE
• Costs: ~€2M 
• 4-year schedule



IAUS247 – Vienna – Aug 2018
VLT2030 – June 2019

• Broad range of cases that demand near-UV spectra

• Modest instrument development (effort/hw)

• Prototype grating has excellent performance

• Opportunity to build on Brazil’s past investment

• Exploits a powerful strength of the VLT in the ELT era

CUBES: Take-home points


