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A prism-based atmospheric dispersion compensator is 
included in the design, to allow broadband spectroscopy 
over a range of angles up to 60 degrees from zenith.  A 
robotically positioned 5000 fiber system directs galaxy light 
to a remote array of 10 spectrometers, each with three 
channels.  Optical requirements, baseline design, 
alignment, atmospheric dispersion correction and system 
engineering throughput budgets are discussed. 

Atmospheric Dispersion 
Compensator 

Defocus and Lateral Fiber Error Requirements and Baseline 
Performance 

Optical Alignment 

BigBOSS is a proposed ground-based dark energy 
experiment designed to study baryon acoustic oscillations 
(BAO) and the growth of large scale structure through a 
14,000 square degree survey of emission line galaxies, 
luminous red galaxies and quasi-stellar objects.  The 
project involves design, construction and installation of a 
new widefield optical corrector for the Mayall 4m 
telescope.  The corrector magnifies the f/2.81 prime focus 
to f/4.5 over a circular field of view of three degrees.  

BigBOSS: Enabling Widefield 
Cosmology on the Mayall Telescope 

The BigBOSS widefield corrector produces a 3˚ image of the sky on a spherical focal 
surface.  Fiber positioner robots position 5000 fibers on galaxy positions for a given 
telescope pointing.  Individual lenses are mounted athermally to low-expansion alloy 
rings.  The current pre-conceptual baseline design has six groups, four of which are 
fused silica, and two of which are LLF1 & N-BK7.  Magnification is performed primarily 
by the fused silica groups, and color and atmospheric dispersion correction by the 
LLF1 elements. 
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University College London (UCL) recently completed fabrication 
and alignment of the DECAM corrector (shown) for the Blanco 4m 
telescope.  UCL will procure BigBOSS optics and mount and align 
individual lens elements in low-expansion cells on a rotary 
turntable.   Figure credit: P. Doel. 

Lens cells are mounted in the corrector barrel and alignment 
verified with the laser turntable apparatus.  DECAM body shown 
on turntable in UCL laboratory (P. Doel). 

Atmospheric dispersion is removed (to first order) by a pair of 
rotary zero deviation prisms.  Dispersions of the individual prisms 
are shown below with arrows.  Prisms may be clocked to produce 
dispersion opposite that of the atmosphere at a given observation 
elevation (See Wynne, 1984 and Liang, 2004 & 2009). 

The author gratefully acknowledges the support by the Director, 
Office of Science, U.S. Department of Energy under Contract No. DE-
AC03-76SF00098.  The author also gratefully acknowledges technical 

input from B. Flaugher and the DES collaboration. 

A main element of BigBOSS Systems Engineering is maintenance 
of a system throughput budget.  Defocus errors and allowances 
for lateral misalignment of the fibers relative to the focal plane 
image of a target galaxy define the performance requirements of 
the system. 

Throughput (below left) and corresponding lateral misalignment 
allowances (below right) show a subset of the throughput budget, 
and corresponding performance requirements.  

BigBOSS 3˚  Widefield Corrector BigBOSS Installation at 
Mayall 4m Telescope 
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BigBOSS Collaboration

US Members: 
Brookhaven National Laboratory, Carnegie Mellon University, Fermi National Accelerator 
Laboratory, Johns Hopkins University, Lawrence Berkeley National Laboratory, National Optical 
Astronomy Observatory, New York University, The Ohio State University, SLAC National 
Accelerator Laboratory, University of California, Berkeley, University of Kansas, University of 
Michigan, University of Pittsburgh, University of Utah, Yale University.

International Institutions:
Ewha Womans University, Korea;  French Participation Group (APC, IAP- Paris; CPP, CPT, 
LAP Marseille; CEA, IRFU – Saclay); Spanish Participation Group (IAA, Granada; IAC, 
Tenerife; ICC, Barcelona; IFT, Madrid; U. Valencia);  Shanghai Astronomical Observatory, UK 
Participation Group (Durham, Edinburgh, UC London, Portsmouth);  University of Science and 
Technology of China.
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Instrument Overview
A photon’s path through the BigBOSS instrument:

4m primary class telescope (NOAO)
3º corrector optics (LBL, UK)
Focal plane (Spain)
5000 fiber Actuators (China, LBL, Spain)
Fiber System (LBL, UK)
Spectrographs (Marseille)
Dewars/Cryogenics (Saclay)
Detectors (LBL)
DAQ (Ohio)
Computing (NERSC, NYU, Utah)
Guiding (SLAC)
Alignment (Yale)
Calibration (U. Michigan) 10 
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BigBOSS 3o wide-field corrector
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A prism-based atmospheric dispersion compensator is 
included in the design, to allow broadband spectroscopy 
over a range of angles up to 60 degrees from zenith.  A 
robotically positioned 5000 fiber system directs galaxy light 
to a remote array of 10 spectrometers, each with three 
channels.  Optical requirements, baseline design, 
alignment, atmospheric dispersion correction and system 
engineering throughput budgets are discussed. 
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new widefield optical corrector for the Mayall 4m 
telescope.  The corrector magnifies the f/2.81 prime focus 
to f/4.5 over a circular field of view of three degrees.  

BigBOSS: Enabling Widefield 
Cosmology on the Mayall Telescope 

The BigBOSS widefield corrector produces a 3˚ image of the sky on a spherical focal 
surface.  Fiber positioner robots position 5000 fibers on galaxy positions for a given 
telescope pointing.  Individual lenses are mounted athermally to low-expansion alloy 
rings.  The current pre-conceptual baseline design has six groups, four of which are 
fused silica, and two of which are LLF1 & N-BK7.  Magnification is performed primarily 
by the fused silica groups, and color and atmospheric dispersion correction by the 
LLF1 elements. 
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University College London (UCL) recently completed fabrication 
and alignment of the DECAM corrector (shown) for the Blanco 4m 
telescope.  UCL will procure BigBOSS optics and mount and align 
individual lens elements in low-expansion cells on a rotary 
turntable.   Figure credit: P. Doel. 

Lens cells are mounted in the corrector barrel and alignment 
verified with the laser turntable apparatus.  DECAM body shown 
on turntable in UCL laboratory (P. Doel). 

Atmospheric dispersion is removed (to first order) by a pair of 
rotary zero deviation prisms.  Dispersions of the individual prisms 
are shown below with arrows.  Prisms may be clocked to produce 
dispersion opposite that of the atmosphere at a given observation 
elevation (See Wynne, 1984 and Liang, 2004 & 2009). 

The author gratefully acknowledges the support by the Director, 
Office of Science, U.S. Department of Energy under Contract No. DE-
AC03-76SF00098.  The author also gratefully acknowledges technical 

input from B. Flaugher and the DES collaboration. 

A main element of BigBOSS Systems Engineering is maintenance 
of a system throughput budget.  Defocus errors and allowances 
for lateral misalignment of the fibers relative to the focal plane 
image of a target galaxy define the performance requirements of 
the system. 

Throughput (below left) and corresponding lateral misalignment 
allowances (below right) show a subset of the throughput budget, 
and corresponding performance requirements.  
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BigBOSS Optical System 

Six lens groups
Four fused silica lens elements

Two elements have aspheres on one surface each
Two ADC prisms (LLF1/N-BK7)
Convex focal surface, Ø890mm outer diameter
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Corrector Optical Performance (Geometric Blur)
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A prism-based atmospheric dispersion compensator is 
included in the design, to allow broadband spectroscopy 
over a range of angles up to 60 degrees from zenith.  A 
robotically positioned 5000 fiber system directs galaxy light 
to a remote array of 10 spectrometers, each with three 
channels.  Optical requirements, baseline design, 
alignment, atmospheric dispersion correction and system 
engineering throughput budgets are discussed. 
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The BigBOSS widefield corrector produces a 3˚ image of the sky on a spherical focal 
surface.  Fiber positioner robots position 5000 fibers on galaxy positions for a given 
telescope pointing.  Individual lenses are mounted athermally to low-expansion alloy 
rings.  The current pre-conceptual baseline design has six groups, four of which are 
fused silica, and two of which are LLF1 & N-BK7.  Magnification is performed primarily 
by the fused silica groups, and color and atmospheric dispersion correction by the 
LLF1 elements. 
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University College London (UCL) recently completed fabrication 
and alignment of the DECAM corrector (shown) for the Blanco 4m 
telescope.  UCL will procure BigBOSS optics and mount and align 
individual lens elements in low-expansion cells on a rotary 
turntable.   Figure credit: P. Doel. 

Lens cells are mounted in the corrector barrel and alignment 
verified with the laser turntable apparatus.  DECAM body shown 
on turntable in UCL laboratory (P. Doel). 

Atmospheric dispersion is removed (to first order) by a pair of 
rotary zero deviation prisms.  Dispersions of the individual prisms 
are shown below with arrows.  Prisms may be clocked to produce 
dispersion opposite that of the atmosphere at a given observation 
elevation (See Wynne, 1984 and Liang, 2004 & 2009). 

The author gratefully acknowledges the support by the Director, 
Office of Science, U.S. Department of Energy under Contract No. DE-
AC03-76SF00098.  The author also gratefully acknowledges technical 

input from B. Flaugher and the DES collaboration. 

A main element of BigBOSS Systems Engineering is maintenance 
of a system throughput budget.  Defocus errors and allowances 
for lateral misalignment of the fibers relative to the focal plane 
image of a target galaxy define the performance requirements of 
the system. 

Throughput (below left) and corresponding lateral misalignment 
allowances (below right) show a subset of the throughput budget, 
and corresponding performance requirements.  
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A prism-based atmospheric dispersion compensator is 
included in the design, to allow broadband spectroscopy 
over a range of angles up to 60 degrees from zenith.  A 
robotically positioned 5000 fiber system directs galaxy light 
to a remote array of 10 spectrometers, each with three 
channels.  Optical requirements, baseline design, 
alignment, atmospheric dispersion correction and system 
engineering throughput budgets are discussed. 
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experiment designed to study baryon acoustic oscillations 
(BAO) and the growth of large scale structure through a 
14,000 square degree survey of emission line galaxies, 
luminous red galaxies and quasi-stellar objects.  The 
project involves design, construction and installation of a 
new widefield optical corrector for the Mayall 4m 
telescope.  The corrector magnifies the f/2.81 prime focus 
to f/4.5 over a circular field of view of three degrees.  

BigBOSS: Enabling Widefield 
Cosmology on the Mayall Telescope 

The BigBOSS widefield corrector produces a 3˚ image of the sky on a spherical focal 
surface.  Fiber positioner robots position 5000 fibers on galaxy positions for a given 
telescope pointing.  Individual lenses are mounted athermally to low-expansion alloy 
rings.  The current pre-conceptual baseline design has six groups, four of which are 
fused silica, and two of which are LLF1 & N-BK7.  Magnification is performed primarily 
by the fused silica groups, and color and atmospheric dispersion correction by the 
LLF1 elements. 
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University College London (UCL) recently completed fabrication 
and alignment of the DECAM corrector (shown) for the Blanco 4m 
telescope.  UCL will procure BigBOSS optics and mount and align 
individual lens elements in low-expansion cells on a rotary 
turntable.   Figure credit: P. Doel. 

Lens cells are mounted in the corrector barrel and alignment 
verified with the laser turntable apparatus.  DECAM body shown 
on turntable in UCL laboratory (P. Doel). 

Atmospheric dispersion is removed (to first order) by a pair of 
rotary zero deviation prisms.  Dispersions of the individual prisms 
are shown below with arrows.  Prisms may be clocked to produce 
dispersion opposite that of the atmosphere at a given observation 
elevation (See Wynne, 1984 and Liang, 2004 & 2009). 

The author gratefully acknowledges the support by the Director, 
Office of Science, U.S. Department of Energy under Contract No. DE-
AC03-76SF00098.  The author also gratefully acknowledges technical 

input from B. Flaugher and the DES collaboration. 

A main element of BigBOSS Systems Engineering is maintenance 
of a system throughput budget.  Defocus errors and allowances 
for lateral misalignment of the fibers relative to the focal plane 
image of a target galaxy define the performance requirements of 
the system. 

Throughput (below left) and corresponding lateral misalignment 
allowances (below right) show a subset of the throughput budget, 
and corresponding performance requirements.  

BigBOSS 3˚  Widefield Corrector BigBOSS Installation at 
Mayall 4m Telescope 
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— Transmission 
•  Bulk fiber throughput 
•  Low-OH FBP fibre  

— Good UV transmission 
— Known low FRD performance 

•  Nominal length ~40m 

BigBOSS is a proposed ground-based dark energy experiment 
designed to study baryon acoustic oscillations (BAO) and the growth 
of large scale structure through a 14,000 square degree survey of 
galaxies and QSOsa,b,c . 
 
Each of 5000 fibers is positioned by an actuator at the instrument 
focal plane. The fibers then traverse the telescope and are terminated 
at a spectrograph slitd,e,f,g . 
We describe the fiber system concepts, requirements & development. 

•  Fiber core:    120µm 

•  Optical Input:  f/4.5,  < 0.5 deg telecentricity 

•  Wavelength range: 360 - 980 nm 

•  Fiber System Throughput:  90%  X fiber bulk X AR 

•  Input interface:  Fiber actuator, motion compatible 

•  Output interface:   Spectrograph compatible 
—  Match curved focal surface & f/4.0 output pupil 

•  In-line connections:  
— Provide for component installation & test  

— Facilitate project fabrication & integration flow 

Fiber System Schematic 

•  5000 fibers (direct injection) to each Focal Plane actuator 
•  Front End Assy =  Ferrule, strain relief, [connection] 
•  Main Cable Assy = 10 cables, 1 per spectrograph unit 
•  Slit End Assy = 500 fibers per spectrograph unit 
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— Physical FRD 
•  Bulk fiber 
•  Ferrule termination  
•  Slit termination 
•  Connections 

—  Injection induced FRD 
•  Ferrule optical axis 
•  Corrector Telecentricity (~0.25 deg) 
•  Actuator angular tolerance (0.2 deg) 

•  Actuator angular motion (0.1 low-tilt type / 2.75 deg high-tilt type) 

— Ejection induced loss 
•  Slit fiber to pupil alignment 
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Below, a series of images of the 
prototypes are shown, to illustrate the 
mechanisms and manufacturing 
technique. 

 

BigBOSS has several concurrent R&D efforts building fiber positioner prototypes. This poster has 
mainly described the R-θ effort at LBNL. However, promising θ-θ designs are currently also being 
built and tested within the collaboration at USTC and at IAA. 
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Andalucía (IAA) 

University of Science and 
Technology of China (USTC) 
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Below, a series of images of the 
prototypes are shown, to illustrate the 
mechanisms and manufacturing 
technique. 

 

BigBOSS has several concurrent R&D efforts building fiber positioner prototypes. This poster has 
mainly described the R-θ effort at LBNL. However, promising θ-θ designs are currently also being 
built and tested within the collaboration at USTC and at IAA. 
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R-θ  Fiber Positioner for the 
BigBOSS Instrument 

The BigBOSS instrument is a proposed fiber-fed spectrograph for the Mayall 4 m telescope 
at Kitt Peak, Arizona, which will measure the redshift of 20 million galaxies and map the 
expansion history of the universe over the past 8 billion years, surveying 10-20 times the 
volume of existing studies. 

INTRODUCTION R-Stage 

FULL POSITIONER TESTING 

Testing of full positioner is currently underway, 
with 5 test articles. Test plan has 4 major 
categories: 

1) Positioning precision and absolute accuracy 

2) Positioning speed 

3) Power consumption 

4) Axial tilt 

Flexure Testing 

C. Schenk, J.H. Silber, Z. Zhou, R.L. Post, M.D. Cepeda, for the BigBOSS collaboration 
Lawrence Berkeley National Laboratory (LBNL) 

ENVELOPE: 
12 mm center-to-center pitch 
14 mm overlapping patrol zones KEY PERFORMANCE TARGETS: 

<5 μm positioning precision 
<40 μm open-loop positioning accuracy 
<20 μm defocus error over full patrol 
<0.15° tilt error 

The  focal  plate  of  the  new  telescope’s  prime  
focus optics will be populated with 5,000 
robotic fiber positioners, each targeting and 
tracking an individual galaxy with every 
exposure.  
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COLLABORATOR DESIGNS AT USTC AND IAA 
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(controls radial motion kinematics) 
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(mechanical interface / tilt control / 

smoothness of rotation) 
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(8mm, 17-7PH) 

Flexure mount 
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Below, a series of images of the 
prototypes are shown, to illustrate the 
mechanisms and manufacturing 
technique. 

 

BigBOSS has several concurrent R&D efforts building fiber positioner prototypes. This poster has 
mainly described the R-θ effort at LBNL. However, promising θ-θ designs are currently also being 
built and tested within the collaboration at USTC and at IAA. 

 Instituto de Astrofísica de 
Andalucía (IAA) 

University of Science and 
Technology of China (USTC) 
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Below, a series of images of the 
prototypes are shown, to illustrate the 
mechanisms and manufacturing 
technique. 

 

BigBOSS has several concurrent R&D efforts building fiber positioner prototypes. This poster has 
mainly described the R-θ effort at LBNL. However, promising θ-θ designs are currently also being 
built and tested within the collaboration at USTC and at IAA. 
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Technology of China (USTC) 
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Fiber Systems
Fiber Focal Plane Interface 
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Spectrograph

One spectrograph 

2xFive spectrographs 

10 spectrographs, 500 fibers each
3-arms 360nm – 980nm
Linear pulse-tube cooler
BOSS heritage LBNL CCDs
Similar in design to SDSS (Smee, etal)
R ~ 4000



Aaron Roodman     KIPAC/SLAC The BigBoss Experiment

Fibers 

Blue Camera 

NIR Camera 

Red Camera 

Collimator 

Spectrograph Optics
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Fiber View Camera

Determines location of fibers
Only possible because corrector is “slow” - F4.5
Heritage: FMOS

Fiber View Camera 
(looking up) 

Fibers 
(pointing down) 
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4 million LRGs 

18 million ELGs 

2.5 million QSOs 

BigBOSS Targets

SDSS covered ~ 2h-3Gpc3

BOSS is covering ~ 6h-3Gpc3

BigBOSS will cover ~ 50h-3Gpc3
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Targets: Tracers of Dark Energy
Four target categories:
1. Luminous Red Galaxies (LRGs)   z = 0.5 → 1          2 exposures
2. Emission Line Galaxies (ELGs)    z = 0.5 → 1.6       1 exposure
3. Tracer QSOs                                    z = 0.5 → 3.5       1 exposure
4. Lyman-alpha QSOs                        z > 2.2                   5 exposures

Targeting sources:
SDSS imaging (complete over 11,000 deg2)
WISE satellite (complete over full-sky)
PTF-1 and PTF-2 (running over 14,000 deg2)
PanSTARRS

Opportunity to augment with proposal-based sources: i.e., from CTIO DECam, CFHT Megacam, 
KPNO Mosaic, Subaru HSC
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LRGs
LRG tracers at 0.5 < z < 1.0

The most massive galaxies in the Universe
Excellent tracers of dark matter halos
Well-studied in N-body simulations

BigBOSS targets:
4 million LRGs to z=1
Selected at 3.4 micron from WISE satellite
+ SDSS/PTF-1 imaging
WISE data complete!

SDSS gri WISE 3.4µm 
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ELGs
ELGs tracers at 0.5 < z < 1.6

Epoch of star formation peaks in these galaxies at z~1
Easy to select from optical colors

Test data:
40,000 ELGs from DEEP2, VVDS over 4 deg2 total
Well-studied population to greater depth than BigBOSS

BigBOSS targets:
18 million ELGs in BigBOSS survey
Selected from PTF and PanSTARRS and …
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ELG’s Spectra
ELGs unique signature of [O II] doublet, detectable from z=0 to z=1.7

Well-studied as the ~5% brightest galaxies in the DEEP2 survey
ELGs drive BigBOSS wavelength coverage, throughput, & resolution

[O II] doublet at 3726.032 + 3728.815 Ang
BigBOSS detects to z=1.6 at 9700 Ang
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Resolution Requirement
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PTF test fields 

QSOs as Tracers

QSO tracers at 0.5 < z < 3.5
The brightest objects at z > 2

+ QSO Lyman-alpha forest at 2.2 < z < 3.5

Test data:
SDSS imaging to g=22, spectra for 200,000
PTF-1 imaging to g=23.5, spectra in test fields from BOSS, MMT

BigBOSS targets:
2.5 million QSOs from PTF-1 and PTF-2
Every QSO to r < 23.5
Simplify target selection -- select QSOs at all redshifts from variability
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Lyman-alpha forest from QSOs

QSOs at z < 2.2 will be observed once → “tracer QSOs”
QSOs at z > 2.2 will be observed 5X for high S/N for “Lyman-alpha forest”

Map of hydrogen gas along line-of-sight skewers
BOSS validating their use as 3-D maps for BAO
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BigBOSS FofM 

Projections based on fits including all P(k) information, including RSD
Priors from FoMSWG
BAO III is HETDEX & WIGGLEZ
SNIII is from FoMSWGDec. 6, 2011 David Schlegel P1 Science Overview 48

DETF Figures-of-Merit
Priors from Figure-of-Merit Science Working Group (FoMSWG):

BAO III == HETDEX + WiggleZ
SN III == FoMSWG assumptions for Stage III supernovae

BigBOSS Stage IV science reach

BigBOSS Figure-of-Merit achieves Stage IV
Projections based upon demonstrated BAO+RSD
Future work may validate improvements using more

linear modes in galaxy maps (kmax=0.3)
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BigBOSS reviews and reports
BigBOSS proposed in 2009

Reviewed in 2009 by HEPAP/PASAG
“legitimate possibility of achieving a significant fraction of the BAO 

science goals for JDEM’
“Substantial immediate support for BigBOSS R&D is recommended”
“(NSF/NOAO) are essential partners in the BigBOSS project and 

planning.”
Reviewed by Astro2010 (decadal survey)

Study of dark energy one of the three science themes
October 2010 response to NOAO Large Science Programs

“Schmidt committee” non-advocate review by NOAO, milestones
Proposal accepted by NOAO for 500 nights on Mayall Telescope

Proposal to DOE in 2011 followed by successful review.
BigBOSS is in a funded R&D phase.

We have requested from DOE a 2014 “construction start” (that’s when the 
preliminary design review happens, final design starts along with early 
procurements.

On sky by end of 2017.


