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OHANA
A crazy idea!

• Ambitious project: interferometric connection of Maunakea 
observatories for equivalent 800m diameter telescope in terms of 
resolution (𝛌/B ~ 2,75 nanoradians ~ 500 𝛍arcseconds at K band)


• Original paper exposing this idea: Mariotti et al., 1995.  
Started project with Guy Perrin in Jean-Marie’s memory in 1999.


• Two key technological enablers: adaptive optics and single mode fibres.


• AO allows to restore coherence to light after crossing atmosphere.


• Single mode fibres only transmit coherent light; but preserve phase. 


• Thus it seemed possible to generate interference fringes (and measure 
their contrast) from light from distant telescopes on a site never 
originally planned for it.



Mauna Kea

CFHT 
3,60 m

Gemini 
8 m

UKIRT 
4 m

Subaru 
8 m Keck I&II 

10 m

IRTF 
3m

• Largest optical astronomical site of such quality in the world 

• 3 x 4 m class telescopes and 4 x >8m class telescopes 

equipped with adaptive optics 

• Serendipitously arranged in 800 diameter half circle. 

• Also, harder to quantify but much activity in the field of HAR, 

tight community with potential for synergy.

Photo courtesy of Richard Wainscoat
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800 meters
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Interferometry on 
Mauna Kea

Entire `OHANA array baselines

Possible baselines with a pair 
of fibers of 300m



Constructive 
Interferences on 

Mauna Kea

 `OHANA was a multi national collaboration whose goal was 
optical/IR interferometry on hectometric baselines 
 Mauna Kea Master Plan lays out strict rules for impact of further 

development on Mountain. 

• Use of optical fibers ideally suited to address this issue. 

 Fibers seemed in many ways ideal, but turned out to be great vibration 
sensors. 

Achievable angular resolution of 500µas (K band, 300µas in J), with 
goal of K limiting magnitude of 12.  

Main astrophysical drivers were Young Stellar object accretion, AGN 
BLR and quasars, as well as Cepheid direct diameter measurement. 



Some early successes
Injection tests (fiber/AO coupling) 

CFHT

Gemini

Keck

 At CFHT in January and August 
2002 

 Keck in December 2002 
 Gemini in July 2003



At CFHT in January and August 2002

Injection 
module

Injection tests 
(fiber/AO coupling) 

CFHT, August 2002



`OHANA @ Keck experiment
Goal: Attempt to duplicate Keck interferometer using fibers to bring light to common focus:

 December 1st 2004  

• Lost to weather 

 January 31st 2005 

• Lost to weather 

 June 17th 2005 

• Clouds, varying photometry.  Found dispersed 
fringes at 12:26 on Hercules (contrast ~25%) on 
107 Her, K=4.6. Problem with dispersion 

• Obtained data and calibrator on giant star, but 
Archiver failure.
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 A pattern was starting to emerge… 

• May 2006 

 Snow... In May! 

 Never found the fringes on the sky 

• November 2007 

 Clear night, but humidity went to 100%  
at 8pm and never came down. 

• August 2008 

 Hurricane Felicia 

• March 2009 

 AO failure 

 Defeated by weather? 

 No!  

 Young and foolish? 

 Maybe: 
persevered with CFHT-Gemini 
baseline

`OHANA @ Keck experiment



 Attempted to link CFHT with Gemini (2006-2012). 

• Two (very different) telescopes never designed to be 
coupled interferometrically. 

 Gemini 8m alt-az with SH AO system, field rotator and pupil rotation 

 CFHT is a 3.6m equatorial mount with a curvature AO system 

• Baseline is 160m long, aligned almost perfectly North South.



 For CFHT-Gemini, we had to build an interferometer from scratch. 

• October 2006: Magnitude 6.5 earthquake 

• October 2006-March 2007: delay line installation 

• Summer 07: Beam combiner installation 

• Winter 07: pipe installation 

• Summer 08: Baseline determination 

• Internal fringes in Spring 2010

OHANA CFHT-Gemini

 



 Before using large telescopes, wanted to validate entire chain (from 
acquisition to calibrated fringes) using small telescopes. 

 Developed Ohana iki (iki means small in Hawaiian) project, mostly carried 
by students. 

 Two Celestron C8 (r0(J)~0.3m) with image stabilisation and fiber 
injection. 

 Built a kind of amateur interferometer!

OHANA Iki



Two interferometers on Maunakea



• Interference fringes


• In J band in July 2010 (Arcturus) ->


• In H band in June 2012 (internal) ->


• But vibration environment much  
worse than originally measured.


• Not attributable to a single source,  
it may have been that delay line amplified ambient 
vibrations, and/or the fibers themselves!


• Real problem as many microns of  
longitudinal vibrations (> 1 fringe) at high 
frequency: Unable to measure spectrum,  
calibrate visibilities. 


• Would have had to develop fibered metrology, e.g. 
ALOHA@CHARA ->

Ohana Iki



End of an era
• In 2012, Guy Perrin was co-PI of Gravity on VLTI (and vice president of Paris 

Observatory), Julien Woillez was leaving Keck, and my appointment at CFHT was 
terminated, so OHANA stopped.


• OHANA project had many offshoots: 

• Extension of CHARA for km baselines using fibres at H band (CHARA 

Michelson Array Pathfinder project, Ligon et al, 2022), 

• Progress on fluoride glass fibres enabled GRAVITY instrument on VLTI (with 

spectacular results on SgrA*), 

• Ohana iki -> AGILIS concept -> STELLIM (Stellar imager using VLTI delay 

line and 13 small telescopes), Haubois et al 2022.


• We were young and ambitious then, we put a lot of effort into these experiments… 


• But when told we could do astronomical interferometry without delay lines, 
without worrying about atmospheric turbulence, vibrations or matching the opd 
to a few nm? But with caveat: using quantum optics/intensity interferometry…


• Well, despite being older, apparently not any wiser…!



Young and Foolish
Older, and apparently not any wiser

• Difficulties offset (but hopefully also reduced):


• Baseline determination needs to be carried over larger baselines than CFHT-
Gemini, but precision relaxed (<cm, but not <mm).


• No need to lay fibres between observatories: use existing telecom dark fibres 
to distribute time using White Rabbit, SigmaWorks or other protocol.


• Can carry out preliminary experiments on smaller baselines with smaller 
telescopes (e.g. CFHT-IRTF-UH88) or single telescope (e.g. Subaru SCExAO 
single mode fibre feed in the near IR) for g2(𝜏).


• OHANA network rekindled, support from CFHT, W.M. Keck Observatory, Gemini 
Observatory, Subaru Telescope and University of Hawaii.


• Maunakea is ideal for an experiment to directly measure the diameter of closest 
known White Dwarf, Sirius B (Magnitude 8, ~40µas).



Sirius B, radical scientific goal!
• So why Sirius B?

• Sirius A was first star observed by II (1956).


• 70 years later propose to observe and resolve Sirius B, closest known white dwarf. 

• White Dwarfs, though well known, are very exotic objects.


• Usually produced after nuclear fusion stops and outer shells ejected in planetary 
nebula. Electrons in core become a degenerate gas, all energy levels are filled due to 
Pauli exclusion principle, preventing further gravitational collapse. Young WD 
temperature >105K, slowly cool down over billions of years (temperature of e- gas in 
core 107~108K!)


• Direct diameter measurement to confirm models, constrain mass-radius discrepancy & 
study relativistic corrections of equation of state of degenerate state of matter.

g(2)(r) measured on Sirius (A!) from Manchester, brightest star in 
visible. Two telescopes made from searchlights with 1.56m diameter 
and separation up to 9m. First direct measurement of the angular 
diameter, 6.8 ± 0.5mas
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Figure 6. Sirius B mass and radius in solar units compared to the mass-radius relation for carbon-core white dwarfs. The two ellipsoidal 
contours are the 1σ and 2σ regions determined by Holberg et al (1998). The vertical stippled region is the range of the astrometric mass 
determined by Gatewood and Gatewood (1978) while the heavy trapezoid is the joint 1σ spectroscopic and astrometric eastimate of 
Holberg et al (1998). The sloping black curve is the theoretical mass-radius relation for a ~25000K DA white dwarf with a C-O core 
(Wood 1995). The upper error bars are those corresponding to the G750M measurement with the mass derived from the surface gravity on 
the left and that from the gravitational red-shift on the right (blue and red crosses respectively. The lower pair of error bars (green and 
purple) are the corresponding mass determinations for the lower radius obtained from the G430L results. 

 
The evolutionary calculations of mass and radius can 

also be compared to our new measurement of the 
gravitational red-shift, since this gives a value (126.4 ± 
7.6) for M/R directly. Matching this to the relation of 
Wood (1995) shown in figure 6 yields M = 1.02 ± 0.02 
and R = 0.0081 ± 0.0002. Importantly, these estimates are 
not dependent on the model atmosphere calculations, 
unlike the values derived from the Teff and log g 
measurements, and probably have a more robust error 
determination. Within the overall uncertainties, there is 
internal consistency between the various methods we 
have discussed for obtaining M and R. They are also in 
agreement with the earlier study of Holberg et al. (1998).  
 
5 CONCLUSION 
We have obtained an exquisite spectrum of the complete 
Balmer line series for Sirius B. This is the first such 
spectrum to be acquired, apart from old ground-based 
photographic spectra, and can be used to provide an 
important determination of the stellar temperature (Teff = 

25193 ± 37 K) and gravity (log g = 8.566 ± 0.010). In 
addition we have obtained a new, more accurate, 
gravitational red-shift of 80.42 ± 4.83 km s-1 for Sirius B. 
Combining these results with the photometric information 
available in our spectra and the Hipparcos parallax we 
have provided new determinations of the stellar mass and 
radius for comparison with the theoretical mass-radius 
relation.  However, there are some disparities between the 
values of stellar mass obtained by two different routes and 
we have identified significant systematic uncertainties 
that make the observational errors larger than we had 
hoped. While we have attempted to makes measurements 
of the mass and radius of white dwarf independently of 
the evolutionary model calculations (e.g. Wood 1992, 
1995), we get much better agreement between our results 
and those of other authors if we use our spectroscopic 
measurements of Teff and log g in conjunction with the 
theoretical mass-radius relation. Our best estimates of M 
and R from this approach are 0.978 ± 0.005 M

~
  and 

 

• Non-relativistic equation of state gives Mass-radius relationship: 

, with R radius, M mass of star, N the number of 

electrons/unit mass (dependent only on composition), me electron 
mass and G the gravitational constant. 


• Dynamic mass in binary systems (e.g. Sirius, 40 Eridani)


• Radius from normalised flux. But Mass-Radius discrepancy.

R ≃ N5/3ℏ2

2meGM1/3

Barstow et al., 2005 
(from HST STIS spectroscopy)

Fig. 1.— The white dwarf mass-radius relation. The green line uses the correct equation of state.
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Figure 1. Mass and radius determined for Sirius B. The points plotted on the left
are the masses derived from the log g for the G430L and G750M spectra, while the
points on the right are the masses derived from the gravitational redshift. Both sets of
radii are derived from the normalisation of the spectra. The squares are the normal-
isation from the G750M grating and the circles from the G430L normalisation. The
solid black line is the theoretical mass-radius relation from (Fontaine et al. 2001) for
a CO core thick H layer and the dotted line is the thin H layer, both at 25 000 K. The
shaded box shows the allowed range of the new astrometric mass determination.

mass and radius as described above. Fig. 1 shows the mass and radius of Sirius B deter-
mined from the HST cycle 19 observations, derived from both the gravitational redshift
(right hand error bars) and the log g (left error bars), both combined with the photomet-
ric normalisation. The square symbols are where the normalisation is taken from the
G750M grating and the circles are from the G430L grating. The diagonal black lines
are theoretical mass-radius relations from Fontaine et al. (2001) for C/O core models at
25 000 K with thick (solid) and thin (dashed) H layers.

It can be seen, as also found by Barstow et al. (2005), and reported earlier by
Barstow et al. (2015), that these two methods of deriving the masses do not agree with
each other. While the magnitude of some of the corrections applied to the velocity
measurement are similar to the discrepancy observed, study of all potential systematic
effects (see Table 1) has not identified an explanation for the difference. For example, if
the spacecraft motion correction had been applied with the wrong sign, each individual
Sirius B spectrum would give a different gravitational redshift and they do not. The
situation is compounded by the availability of the new astrometric mass determination,
which disagrees with both the spectroscopic measurements (Fig. 1).

4. Discussion and Conclusions

Since there appears to be no explanation of the mass and radius discrepancy that can be
derived from the basic measurements, we are forced to question some of the fundamen-
tal assumptions made in the analysis. It is useful to examine the sensitivity of the M/R
measurements to these. For example, the values derived from log g depend on fitting
the observed spectrum to the predictions of a model atmosphere calculation. Numer-

Barstow et al., 2017

Mass-radius of White Dwarf

– 16 –

Fig. 4.— Positions in the mass-radius plane of four white dwarfs in visual binaries (filled

circles), compared with theoretical relations appropriate for the H layer thickness and effec-
tive temperature of each star (lines). The plotted points and lines use a different color-code

for each star. In each case the theoretical relation agrees within the uncertainties with the
corresponding observation. (This figure is an updated version of one that appeared in Sahu
et al. 2017.)

Bond et al., 2017



Ohana Nui
• Sirius B expected apparent diameter: 40µas


• At 440nm, with longest baseline on Maunakea (800m), 𝜆/B=115µas


• So at 40µas, which is 1/3, we can still expect V2~70%, good contrast for 
detection, but still sufficiently ≠ 1 to fit uniform disk and obtain diameter..


• Keck, CFHT, Gemini, Subaru, University of Hawaii (UH88, IRTF, UKIRT) 
signed letters of support…


• “We’re putting the band back together…!”

Kaiser Part B2 IC4Stars 
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Left panel : Spectrum of Sirius B [Bar05]. Inset : three possible ranges of frequencies to be used in this 

project; right panel : projected radius with and without relativistic corrections 
 
One limitation of our measurement will be given by the shot noise limited signal to noise ratio (SNR) of the 
correlation signal. Using the formula derived from the paper by Hanbury-Brown : 

 
applied to our 16 channel detection scheme at 420nm with 20ps time resolution and a incident spectral 
density flux of Sirius B of  F()=3.8 10-12erg/cm^2/s/Å and an average detection area of A=31m2 (using one 
10m diameter Keck telescope combined to the 4m diameter CFHT telescope, with letter of support from both 
telescopes) with a throughput of 20% and quantum efficiency of 90% (corresponding to =0.18), we obtain a 
SNR=6 in one hour of observation! The projected baseline evolving during the night, we will partially scan 
the visibility curve and thus constrain the size of Sirius B.  
 

 
Left panel: projected baseline; middle panel: Mount Kaunea observatory with Keck and CFHT 

sites; right panel: Expected visiblity of Sirius B 
 
 
Another important required ingredient for this solution is the availability of one fiber link between the two 
sites. Concerning the specific constraints of Mount Kaunea (with specific societal conditions) it is important 
to note that we have secured the support of D. Simons (Director of University of IfA, Institute for 
Astronomy, Hawaii) in charge of the fiber connections at Mount Kaunea. We thus have the technical 
solution for high time accuracy timing of two distant time-to-digital converters, and we already have 
investigated the practical implementation of this solution at Mount Kaunea in Hawaii. The choice of 420nm 
for this observation is mainly due to the fiber limitations, as the atmospheric significantly drops below 
350nm [Sme15]. 



30x1s exposure

 Michael Teoh, Heng Ee Observatory, Penang, Malaysia

https://www.facebook.com/MichaelTadashi

