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-- Solution: Michelson interferometer 
with selectable delay creates white 
light sine combs

Proceedings for this poster

-- During KPF assembly at UC Berkeley, 
PSF needed quickly.  But, Laser Freq. 
Comb (LFC) unavailable

• White light lamp extends past blue limit (480 nm) of 
KPF Laser Frequency Comb


• Measures every pixel (no gaps as in a spectral lamp)

• Can measure high or low res, since selectable delay

• Inexpensive: built from hand-me-down parts 

• Portable, fiberoptically connected to spectrograph

-- Advantages of MTF method

Method called "MTF" or "Sine Comb Visibility"

— PSF FWHM (pix) vs X,Y position on detector

Some work prepared by LLNL under Contract  
DE-AC52-07NA27344, and supported by Laboratory 
Directed Research and Development project 22-LW-020
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The authors gained valuable insight into white light 
interferometers and sine combs in the 1990's[1-3].  
Further insight gained in 2000's[4-7]. 

Ref. [8] describes Keck Planet Finder (KPF) design. 

Other researchers have developed stabilized white light 
interferometers making sine combs for 
spectroscopy[9-11].  

-- Background notes

Results for the three delays E5, E6, E7 are 
independently determined, yet consistent with 
each other.   

Funding for this task was very brief.  Furthering this 
preliminary work would make an interesting project 
useful to the spectroscopy community.

-- Take-away thoughts

—We did not use stabilized sine combs
We did not use a stabilized interferometer to generate sine combs, for 
expediency, cost, and since not necessary due to short exposures. 
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-- Example results for red camera

Comb spatial frequency changes across detector X=0 to 
X=4000 pix, mainly due to spectrograph
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Figure 6. (FigC066) Example of a comb, for interferometer delay E5, on the red camera detector chip. Since the light

passes through the same interferometer, combs are simultaneously created on all four fibers illuminating the spectrograph.

Here we are extracting the lineout of one of the four, for an order that approximately lies at Y⇠330. Combs are also

simultaneously present on the green camera chip. To sense and subtract the background, we also take a lineout on an

adjacent area immediately neighboring the combs. The next Figure 7 shows the raw line out and subtraction of dark

lineout. Note that the pitch (waves per pixel) of the comb changes versus gross wavelength (horizontal direction) due to

the nonlinearity of the wavelength versus pixel curve. This creates the nonzero horizontal extent of the groups of data for

each delay E5, E6, E7, in the visibility versus spatial frequency plot Fig. 9.

5.1 Intrinsic linewidth of conventional calibrant is needed

We seek to learn the spectrograph broadening (Winstrm) using experiments which measure a net linewidth
(Wmsrd), which is a convolution between two quantities: the instrinsic linewidth (W0) of the source (calibrant),
and the instrument Winstrm, as W 2

msrd = W 2
instrm +W 2

0 . Hence (assuming Gaussian PSF shapes)

W 2
instrm = W 2

msrd �W 2
0 . (1)

If W0 is not known and zero substituted for simplicity, then Winstrm tends to be overestimated and spectrograph
resolution underestimated. (This issue becomes significant for the highest resolutions when Winstrm becomes
small, W0 � 0.3Winstrm.)

For low resolution spectrographs whereWinstrm � W0, thenWmsrd ⇡ Winstrm is a reasonable approximation.

For the conventional pixel based method, the intrinsic linewidth may be hard to measure experimentally,
since it requires a spectrograph of even higher resolution than the one being tested.

5.2 Intrinsic linewidth of Sine Comb source not needed

For the sine comb method an intrinsic quantity is also needed, but it is easy to measure. It is to measure the
intrinsic fringe visibility of the interferometer when observing a flat continuum, at near zero frequency. Since
a continuum lamp can still exhibit broad bumps and intensity variations versus wavelengths, it is smarter to
measure a very low frequency comb, so that both a maximum and minimum fringe are presented, and neighboring

• Intrinsic linewidth W0 of calibrant not needed 

as in Eq. 1 for conventional method convolving FWHM 
of calibrant and instrument in dispersion space

Eq 1

Measuring point spread function (PSF) and its 
variation over the detector was our task.  The goal 
was to assist alignment of KPF optical elements 
during assembly.   

Others were calibrating the KPF spectrograph for 
precision wavelength.

-- Task: measure PSF as soon as 
possible

E0 delay (quasi-zero fringe frequency) establishes 
Gaussian model height.   

Each individual delay visibility (E5, E6, E7) yields a 
value for FWHM when compared to E0, using simple 
Gaussian model.  Plotted in maps Fig. 6-8.
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For simplicity, sine visibility was analyzed in 200 pixel 
groups in dispersion (X) direction.  Y-axis shows order#.

Supply chain delayed delivery of KPF Laser Frequency Comb in 
spring 2022.  Proper alignment of KPF optical elements required 
finding point spread function (PSF) and its variation across 
detector chip, prior to summer shipping date to Hawaii.
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Delays E0-E7: 0.06, 0.51, 1.08,1.47, 2.21, 3.30, 4.86, 6.41 cm


