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CCOB–NB, what for?

Commissioning of the integrated camera

precise measurement of the optical throughput
determination of the optics alignment/tilt

The Camera Calibration Optical Bench Narrow Beam
(CCOB-NB) is a calibrated and (X,Y)+(Θ, Φ) positionable pencil
beam monochromatic light source.

allows the illumination of the focal plane through the full optical
system from a variety of incident angles in the 6 spectral bands
2.5 mm wide monochromatic beam (δλ ∼ 1 nm)
from 300 nm to 1100 nm

4



In–operation view

Designed and built at LPSC, delivered to SLAC in Summer 2021
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Hardware — table

black painted XY table with footprint 3000×3100 mm

goniometer, rotative stand, moving arm for NIST diode

cable guides for full exploration of the phase space
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Hardware — source

“hyperchromator” from Mountain Photonics: plasma source +
2 gratings to select wavelength

multimode 200µm output fiber

optical collimated solution with off-axis parabolic mirror

stable high speed shutter
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Hardware — CC and measurements

Keithley Picoammeter coupled to
NIST diode to measure absolute
light flux

High resolution camera to measure
beam shape

Ocean Optics spectrometer

Everything remote controlled from
a laptop through USB and network

XY and Θ|Φ stands, Picoammeter,
NIST diode, camera and
spectrometer readouts
command line scriptable interface
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Tests and performance

power requirements satisfied on the full spectrum for ∼ 1 nm
wavelength width

9



Tests and performance

2.5 mm wide circular beam at 1.2 m distance, on the full
frequency range

great stability of the light source and shutter
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Tests and performance — shape

symmetric beam shape
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Ray tracing simulation software

Using Batoid [github:jmeyers314/batoid]
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https://github.com/jmeyers314/batoid


CCOB setup simulation

Remove mirrors and adapt coating to get light reflection

14



“ghosts” package
Built as a Batoid
plugin: ghosts
simulation and
analysis
[github:bregeon/ghosts]

example: beam
10 cm off the x–axis
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https://github.com/bregeon/ghosts


“ghosts”: map

36 ghosts images of different size and brightness!
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“ghosts”: randomized optics

Functions to move and tilt optics
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Ghosts image analysis

ghosts absolute position, size and intensity

ghosts relative positions, sizes and intensity

→ data saved in pandas and serialized to parquet files
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Ghosts image analysis example
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Simulation and analysis

Scan on L2 rotation with fix beam at 10 cm off the x–axis

Check the position of the ghost image furthest from the main

→ linearity for small angles!
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Todo list

Upgrade analysis to 2D

Implement a basic CCD response: pixel, noise etc...

Use realistic wavelength dependent reflectivity

Gather information about realistic range of positions/rotations
from mechanical engineers

Full image analysis: find spots and characterize these properly

Define a strategy for the real data analysis

build a big model from a large set of simulations
setup a kind of MCMC trying to fit a simulation to the data
find most informative ghosts to build an iterative procedure to
find all alignment constants "one by one"
revive analytic fit from Barrau and Baumont

Need to think about real camera data handling (large volume)

21



Data taking

Data taking shall happen at SLAC in Spring 2022 and on the
mountain likely in 2023

Need to define an efficient procedure for data taking

requires to have chosen an analysis strategy
balance between data taking time, data volume, achievable
precision on constants
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Conclusions

CCOB–NB designed and built at LPSC, sent and received at
SLAC in Summer 2021 (after a long journey)

Characterize the optical throughput of filter (and the whole
optical system)

Determine optics alignment constants through ghosts images
analysis

current focus [github:bregeon/ghosts]
needed to define data taking at SLAC in Spring 2022
and on the mountain, at some point
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https://github.com/bregeon/ghosts
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Links

Confluence page: CCOB Thin Beam

Confluence page: CCOB Thin Beam Hyperchromator

[github:bregeon/ghosts]
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https://confluence.slac.stanford.edu/pages/viewpage.action?spaceKey=LSSTCAM&title=CCOB+Thin+Beam
https://confluence.slac.stanford.edu/pages/viewpage.action?spaceKey=LSSTCAM&title=CCOB+Thin+Beam+Hyperchromator 
https://github.com/bregeon/ghosts
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