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OPTICAL FIBER TESTING AT IEU

■ This lecture is about my activities testing optical fibers for the 
BigBOSS (now known as MS-DESI) experiment, in the lab at 
the Institute for the Early Universe, Seoul.

■ I hope you have an opportunity to visit a lab to see how optics 
measurements are performed.
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FIBER SPECTROGRAPHS

■ “Longslit” spectrographs are used to make one spectrum per 
pointing of telescope. 
•NO GOOD for large statistical studies or surveys with many objects

■ Fiber-Feed spectrographs “multiplex” - you put a fiber at the 
position of each galaxy, fibers carry light to spectrograph

The Fibre Spectroscopy Cookbook
Starlink Cookbook 14
A.C. Davenhall

to spectrograph
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KEY TO DESI INSTRUMENT: 5000 SPECTRA 
PER POINTING VIA ROBOT POSITIONERS

■ 5000 positioners put fiber at target position
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BAO Goals for BigBOSS

0.2<•  z< 1:  Extend redshift reach 

of BOSS with LRGs over 

24k deg2

0.7<•  z< 1.7:  Perform a sample 

variance limited measurement of 

BAO with emission line galaxies

2<•  z< 3.5:  Increase BAO 

precision over BOSS with 

additional Lyα forest sightlines  
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Figure 1: The projected BigBOSS distance accuracies for the angular diameter distance (D
A
) 

and Hubble parameter (H(z)). These errors are computed with publicly available Fisher Matrix 

code (Seo and Eisenstein, 2003) and assume a 50% reconstruction of non-linear effects in the 

BAO feature using the expected ELG and LRG target densities.

BigBOSS will also be a rich dataset for many other cosmological tests that measure 

different features of the galaxy power spectrum. These tests will be unique to 

BigBOSS given our spectroscopic accuracy, survey effective volume, and varied 

target galaxy halo masses.

Fluctuation Physics

Measure gravitational growth • 

through redshift space distortions

Using either the galaxy • 

power spectrum or Lyα forest 

measurements, BigBOSS can 

independently probe for non-

Gaussianity (Ho et al., in prep) and 

measure the neutrino mass 

Reduce cosmic variance with halo • 

mass tracers of differing biases in 

the same volume (Seljak, 2008, 

McDonald & Seljak, 2008)

Figure 2: The evolution of the linear growth rate fσ
8
 (see Song & Percival, 2008) as currently 

measured for various surveys and forecasted for BigBOSS. The growth rate can also be 

parameterized with f ≡ d ln D / d ln a = Ω
m
(a)γ,where D is the growth and γ≈ 0.55 in general relativity.
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ABSTRACT
BigBOSS is a ground-based experiment designed to probe the nature of dark energy 

through the measurement of baryon acoustic oscillations (BAO) and redshift space 

distortions. Building on the SDSS-III BOSS survey, BigBOSS will measure redshifts 

of luminous red galaxies (LRGs), quasars (QSOs), and emission line galaxies 

(ELGs) between 0.2< z< 3.5 over 24,000 deg2, sampling most of the total volume in 

the universe over the last 10 billion years. BigBOSS will use 10 medium resolution 

(R~5000) spectrographs fed by 5000 individually-actuated fi ber positioners on 

an existing 4m telescope to map the large scale structure of the universe and the 

distribution of primordial neutral hydrogen with 50 million galaxies and one million 

QSOs, respectively. The measurements from BigBOSS will lead to new levels of 

precision in the dark energy equation of state and growth of large-scale structure in the 

universe, comparable to currently proposed space-based Stage IV BAO experiments.

Science GOALS
The primary goal of BigBOSS will be to determine precise cosmological distances 

using the BAO scale feature from 0.2< z< 3.5. The acoustic scale accuracy is limited by 

the number of linear modes measured (sample variance) and has a fundamental limit 

due to cosmic variance. Building off of the completed BOSS survey, BigBOSS will work 

near the sample variance limit and within a factor of three of the cosmic variance limit 

for 0.2< z< 1.7.
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Figure 4: (left) An example gri color selection for ELG targets for z >0.7.  The target selection uses 

synthetic photometry from zCOSMOS fi t galaxy templates (Ilbert, 2008) and magnitude errors expected 

from the Palomar Transient Factory and Pan-STARRS1.  The data points are galaxies with line emission 

fl ux of F([OII]) >8x10-17ergs/s/cm2. (right) The redshift distribution from the gri target selection. This 

particular selection uses two sub-samples to maximize the redshift reach and number density at z~1. 

The low and high redshift histograms (dot-dashed, dashed) are given from the selection boxes (black, 

blue) in the gri color plane. The 5σ limiting magnitude in this selection is r
AB

< 23.5.

Measuring the [OII] Doublet
The bulk of galaxy redshifts will come by 

measuring the [OII] doublet, a unique line 

identifi er that reduces redshift confusion. 

Splitting the doublet requires R~5000 

resolution, which also separates most 

sky emission lines and allows for a near-

Poisson limited sky subtraction. The 

expected statistical redshift error 

will be σ
z 
/
 
(1+z)

 
≈

 
10-4.

Sky Lines

25 sky fibers

Observed
Spectrum

Sky-Subtracted
 Spectrum

[OII] at z=1.4

BOSS 

(Stage III)

BigBOSS-North

(Stage IV)

JDEM-PS 

(Stage IV)

BigBOSS-N+S 

(Stage IV)

Redshift Range 0<z<0.7 0.2<z<3.5 0.7<z<2.0 0.2<z<3.5

Sky Coverage 10000 deg2 14000 deg2 20000 deg2 24000 deg2

Wavelength Range 360-1000 nm 340-1070 nm 1100-2000 nm 340-1070 nm

Spectral Resolution 1600-2600 2300-6100 200 2300-6100

DETF FoM 57 175 250 286

DETF FoM w/Stage III 107 240 313 338

Table 1: Survey parameters for the BOSS, BigBOSS, and JDEM-PS experiments. The bottom two rows show 

the expected DETF FoM, which is defi ned as inversely proportional to the area of the error ellipse in the w
o
-w

a 

plane (DETF report, arxiv:0609591).

Cosmological Parameter ACCURACY
A Stage IV BAO experiment must improve the 

Dark Energy Task Force Figure of Merit (DETF 

FoM) over BOSS by a factor of three. BigBOSS will 

achieve this level of precision and also provide a 

measurement of the gravitational growth comparable 

to a space-based slitless prism survey of ELGs 

(such as the BAO component of the JDEM 

mission, dubbed JDEM-PS).

Figure 3: The expected error contours for the dark energy 

time-varying equation of state parameter w
a
 and the gravitation 

growth parameter γ. The BigBOSS parameter accuracy 

is forecasted to be equivalent to the space-based JDEM 

BAO program (JDEM-PS). See Stril, Cahn, & Linder, 2009 

(arxiv:0910.1833, to appear in MNRAS) for further details.

Survey TARGETS
The BigBOSS LRG and QSO samples will extend the target selection techniques of BOSS 

by using gri dropouts for LRGs and gr time-domain photometry for QSOs. BigBOSS will 

also expand beyond BOSS with a large sample of star-forming galaxies with bright [OII]

λ3727 line emission. These ELGs will be photometrically selected using a similar optical 

color cut as the DEEP2 galaxy redshift survey.

Telescope

3 deg. diameter fi eld of view• 

Requires a new 2m secondary • 

mirror and three-element corrector

F/5 focal beam is telecentric • 

and matched to fi ber 

acceptance angle

Swap between the Mayall and • 

Blanco only requires a change 

to the corrector spacing

Primary
Mirror

Focal
Plane

Corrector

Secondary 
Mirror

Figure 5: The Mayall 4m Telescope reconfi gured for the 

BigBOSS fi ber focal plane concept. Figure and design 

courtesy of Ming Liang (NOAO) and Mike Sholl (LBNL).

Spectrographs

10 three-arm bench spectrographs will • 

cover 340-1070nm with R~2000-6000

LBNL 500• µm thick, full-depletion CCDs 

with long wavelength response

Design will improve upon the BOSS • 

spectrograph design by increasing 

throughput while minimizing 

scattered light

Dichroics

Visible Arm

Blue Arm

Red ArmFiber Bundle

Figure 7: The preliminary BigBOSS three-arm bench spectrograph design courtesy of Eric Prieto (LAM). 

Additional designs are also being studied for optimal throughput and performance.

Focal Plane Fiber Actuators

5000 individually actuated fi bers • 

similar to the LAMOST concept 

(Wang et al., 2008)

19mm diameter design achieved by • 

LBNL,15mm by USTC (shown at left)

Swing-arm design allows overlap of fi ber • 

patrol radii and full fi eld of view coverage

Positioning feedback delivered by backlit • 

fi bers and a reverse-looking camera 

mounted at the secondary mirror

Figure 6: The 15mm fi ber positioner design from Chao Zhai of the University of Science and Technology 

of China. The fi ber positioners will be arranged into a maximally packed area across the BigBOSS fi eld 

of view.

Instrument DESIGN
The BigBOSS instrument is composed of a set of telescope optics, a massively 

multiplexed fi ber focal plane, and a suite of medium resolution spectrographs. The 

conceptual design achieves a wide fi eld instrument that could be swapped between the 

Mayall 4m telescope at KPNO and the Blanco 4m telescope at CTIO, allowing complete 

sky coverage for the full survey.

Project STATUS
The BigBOSS collaboration is led by Principal Investigators David Schlegel (LBNL) 

and Arjun Dey (NOAO). The BigBOSS project is currently in the pre-proposal planning 

stages and is expected to respond to the NOAO call for large science programs on the 

Mayall 4m telesope at Kitt Peak. If selected, the survey would begin in 2016 and would 

operate for fi ve years on the Mayall. Additional years of survey operation could feasibly 

be accomplished at the CTIO Blanco upon completion of the Dark Energy Survey. The 

collaboration has substantial international participation from France and China and is 

seeking increased participation among U.S. institutions.

For more information, please visit http://bigboss.lbl.gov or refer to the BigBOSS 

white paper (arXiv:0904.0468v3). This work had been supported in part by the 

Department of Energy.
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WHY TEST OPTICAL FIBERS?
■ Focal Ratio 

Degradation = 
when a fiber spreads 
out the incoming 
beam too much. 
•Beam spread is BAD in 

astronomy -multiplies 
read noise & 
background

•BOSS experiment had 
many runs of fibers w/ 
bad FRD - must test.
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fin = fout

BAD fiber
fin > fout
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WHY TEST OPTICAL FIBERS?
■ Focal Ratio 

Degradation = 
when a fiber spreads 
out the incoming 
beam too much. 
•Beam spread is BAD in 

astronomy -multiplies 
read noise & 
background

•BOSS experiment had 
many runs of fibers w/ 
bad FRD - must test.
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fin = fout

BAD fiber
fin > fout

Critical- all 5000 fibers must be tested for FRD!  
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WHAT CAUSES FRD?

■ Theory says microbends cause scattering of rays off of ideal 
path.

■ the smaller the characteristic microbend radius, the worse 
the performance of the fiber.  We measure this with the laser.
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Measure-Collimated Light Test
• Shine LASER or other collimated source in fiber, look at 

ring pattern out
– Width of ring must reflect variation of ray path through fiber
– Can be translated into FRD measure

7

Narrow ring=good

Fat ring = bad

Carrasco & Parry
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Measurements
• Laser "Rings" AKA coherent Source Annulus

Gauss Fit Amp=  23.6528 ctr=27.8330  stdev=6.21188

Grossan

Grossan
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EXERCISE
■ How do you reduce these data to obtain this? 

Gauss Fit Amp=  23.6528 ctr=27.8330  stdev=6.21188

■ How do you reduce these data 
to tell me the angular spread of 
the annulus (bagel)?
■ Hint:  Draw the experiment, think about 

what you need to measure. 

■ Write the complete algorithm 
and program. Data are coming.

Carrasco & Parry

Grossan

Grossan
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IBBOSS Lamp Setup
(after Carrasco & Parry 94)
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Simplified- Incoherent Beam Test
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2011-V3 Setup
• 2011 Hardware

– fibers are difficult to hold, need some special mounts
– alignment of small fibers requires some special mounts and thinking about setup.

12

Lens Pitch-Yaw 
Adjust

Fiber Pitch-Yaw 
Adjust

Ferrule Holder

Kinematic 
(removable) Base 
for exchange with 

CCD Cam

2-d stage for 
fiber mount 

(behind lens)
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2011-V3 Setup

13

• Development of Align Techniques
– Laser "cross-hairs" + Reflections for lenses
– Different color laser back-illumination for fiber align

Original 
"Custom" Align-

o-meter

Reflection off 
Camera Lens 

off-center

Green Spot 
Aligned On 

Incoming Beam

Shows Colors 
Better (spot too 
large though)

Thanks to M. Sholl for helpful suggestions.

Align ≤ 0.2° - 0.3°/lens 
≤ 0.05° with splitter cube
... better w/ new screen.
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Results....

14

• Incoherent Source Profile

centroid= 909.442 , 485.695 fwhm=42.0
f/5.6 in (*)

Grossan

Grossan
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Bad Fibers
• "Oh no, the 

alignment must 
be screwd up?"

• NO! - Fiber 2 has 
an obviously 
non-round 
profile!

15

Grossan
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Comparison
• Tests on BOSS 20-fiber bundle (rejected) 

– Variety of output profiles observed
•Note: one fiber had zero output

16

In
te

ns
ity

 (a
du

)

radius (pixels)

Radial Distributions of Fiber Output 
Spots 

Good fiber

Low throughput, odd 
"shoulder" feature, wide 
profile, poor fiber.
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How do you measure?

17

• How do you turn this profile into an f/#?
• Please write the program

centroid= 909.442 , 485.695 fwhm=42.0
f/5.6 in (*)

Grossan

Grossan
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Color Effects

18

• Easy to do with diode lasers
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Now Checking Color Effects 
• Diode laser test FRD performance for 3 wavelengths.

19

preliminary - 
Errors? Repeatability?
Varies with fiber?
λ dependence...?
...working on it now. 

lascal6dexp1, RED
sigma= 6.25270

6f6d_g40 GREEN
sigma= 6.856

6f6d_b40 BLUE
sigma=6.712

Fiber Color/ incident angle sigma fit 
width

Fib 6 Red/6 deg 6.25

Fib 6 Green/6 deg 6.85

Fib 6 Blue / 6 deg 6.71

Please note "6 deg" = label, only rough value of incident angle
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What about twisting?
• After crude test (pre-twister) of 360 deg. twist in 10 cm, 

severe FRD results.
• But is this result of stress at

holder, or twist? 

20

baseline twist relax



- B. Grossan.  Use requires attribution of all sources -

Twist Testing Device
• Meijer-Grossan twister 

design
– Isolates twist so you can learn 

about it independently.

21

!

rotates

Twist
area
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Fatigue Testing
• Sholl "Spindle-Board" tests "realistic" bend + 

twist
– can mimic theta-theta or r-theta motions
– easily reproduced in large numbers
– (thus far guessing on curvature)

• Simple tests separate bend & twist 
– bend over fixed radius of curvature
– mount fibers in disks, move disks synchronously

22

Cheap, scalable, 
programmable 
micromotors & 

controllers by Sholl. 

• Test large samples using IEU people/facilities

fixed

rotates

Rc
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Next Step:Automate for 5000 tests
• replace plug block(input end), V-block (output 

end)holder with 1-d computer-controlled stages
– align first and last fiber on block
– scan over each (some?) fiber(s) to find align point @ max intensity.
– 2011: Test Closed-Loop Feedback System

23
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(For alternative 
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Next Step:Automate for 5000 tests
• replace plug block(input end), V-block (output 

end)holder with 1-d computer-controlled stages
– align first and last fiber on block
– scan over each (some?) fiber(s) to find align point @ max intensity.
– 2011: Test Closed-Loop Feedback System
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Laser

(For alternative 
laser experiment)

V-block
stage

           plug-
block 
stageca

m
er

a 
le

ns

optional 
pinhole

fe
rru

le
s

CCD  
Cam

fibers Output End

Input 
Plug
Block

V-block

Input End

Fiber spool 
(for no-stress 
suspension 30-m 

lengths)

This plug block is very long (because 
many fibers).  Need long-travel stage!
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Computer Controlled Stages

24

• Challenge is alignment; cannot adjust thumbscrew for every fiber
• Currently Validating µm stage performance: how bad hysteresis during 

max. align scans? Accumulation of errors?
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QUESTIONS

■ Spectra are recorded as “strips” of light on CCD detectors.
Let’s say we measured FRD that made the width of a spot of a fiber 2X as 
wide as that for a perfect fiber.  

■ What would be the effect on signal-to-noise ratio of this FRD?

■ Draw the spectrum of the [OII]3727Å, 3729Å infinitesimally narrow lines, for 
a spectrograph with 0.3Å FWHM resolution, 0.3 Å pixels, fed by a fiber with 
a FWHM spot size of 1 pixel  (Draw reduced spectrum and draw “strip” on 
CCD). 

■ Again, this time with an optical fiber with 5 pixel spot size.  Does this fiber 
affect the spectroscopy?  If so, how?
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SUMMARY
■ You can use optical fibers, positioned in the places where light 

from galaxies falls on a telescope focal plane, to take multiple 
spectra in a single exposure.  This allows you to do millions of 
objects spectroscopic surveys

■ Fibers have FRD, a kind of imperfection which causes light coming 
through the fiber to spread out over a large area.

■ Shining coherent light into a fiber makes a ring - the width of that 
ring tells you how much the fiber is spreading out the light. 

■ If you build a fiber spectrograph, make sure your fiber 
performance is good enough (FRD small enough) to get the 
answer you need!
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END
■ THANKS!


