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The OHANA concept? 
•  Mariotti+1996A&AS..116..381M 
•  Long baselines 
•  Large AO-corrected apertures 
 
To do what? 
•  Inner structure of YSOs 
•  Galacitc Centers 

D = 8 m 

D = 3.6 m 

D = 10 m D = 10 m 

D = 8 m 



Transport with single mode fibers 

•  2 x 300 m silicate fibers J and H band (IRCOM, Limoges) 
–  Contrast ~50% for full band, 70% for 100 nm band-path, single polarization. 
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over the J-band for the two 300 m fibres under
test;

• finally, fibre cutting and new measurements of
the spectral phase before measuring contrast
by applying an optical path modulation to the
PZT.
These results are corroborated by contrast

measurements and simulations.

4.1. Di!erential dispersion investigation by spectral
phase measurements

We measure the spectral phase thanks to the
normalized channeled spectrum with a 1303 nm
mean wavelength. A LabVIEW virtual instrument
(cf. Fig. 2) enables us to fit the channeled spec-
trum. The main results correspond to the second
and the third order terms of the di!erential dis-
persion.

We measure the variation of these terms as a
function of the length of the additional fibre. The

additional fibres come from the same initial per-
form of fibres we have to characterize. Therefore,
we assume that these additional fibres have the
same characteristics – over very short length – as
the tested fibres. The length of the additional fibre
patch varies from 0.50 to 3 m.

We measure the spectral phase on each neutral
axis of the polarization-maintaining fibre. The re-
sults are presented in the following sections.

Fig. 3 shows the evolution of the second and the
third order terms as a function of the length of the
fibre patch on the fast axis of the polarization-
maintaining fibre. Positive length corresponds to
fibre patch added on the less dispersive arm
whereas negative length corresponds to fibre patch
added on the more dispersive arm.

The experimental results are fitted by the fol-
lowing equations:

Second order ! "56; 6 # L" 58; 4 in mradTHz"2;

Third order ! "2; 9 # L" 7; 5 in mradTHz"3:

Fig. 1. Experimental setup: for temporal analysis, we apply a $150 V voltage to the PZT modulator and for spectral analysis we apply
no voltage to the PZT.
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Transport with single mode fibers 

•  2 x 300 m silicate fibers J and H band (IRCOM, Limoges) 
–  Contrast ~50% for full band, 70% for 100 nm band-path, single polarization, transmission 95%. 

•  2 x 300 m fluoride glass fibers K band (Le Verre Fluoré) 
–  Contrast ~90% for full band, two polarizations, transmission 60%. 
–  Temperature dependence. 
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Equation (6) shows that the thermal sensitivity of
differential dispersion comes from both the tempera-
ture dependence of the fiber length difference and the
propagation constant sensitivity to the temperature
difference.

Moreover, the polarization state of the light prop-
agated through a standard fiber is also temperature
dependent because the temperature variation will
change the fiber length and the birefringence prop-
erty of a fiber. It may change the instrumental trans-
fer function Ti#$$.

D. Compensation of Thermally Induced Differential
Dispersion

The differential dispersion of the fiber can be com-
pensated by inserting an additional dispersive media,
for example, a glass plate. If one adds a glass plate of
thickness D and propagation constant &c, the curva-
ture of phase becomes
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To minimize phase curvature, i.e., to compensate
differential dispersion, the additional dispersive ma-
terial must have an appropriate thickness and prop-
agation constant. This method was proposed by Sato
et al.13 They used BK7 glass wedges to compensate
differential dispersion caused by a fiber length differ-
ence between two silica fibers. Another idea of com-
pensation is to stretch a fiber wrapped on an
expandable cylinder. This method has been tested for
the J-band fibers.14

3. Fiber Configuration
The K-band single-mode fiber cables were manufac-
tured by Le Verre Fluoré in France. The fiber is op-
timized for operation in the K band #2.0–2.4 )m$ with
the following parameters: The diameter of fiber core

and cladding is 6.5 and 125 )m, respectively; the
cutoff wavelength is 1.95 )m; and the numerical ap-
erture is 0.23.

Each fiber cable is made of a 300 m long transmis-
sion fiber with %5 m long compensation fibers at both
ends of the transmission fiber. The transmission ca-
bles are designed for outdoor use and consist of 6
* 50 m long sections. Sections were selected so that
the best combination would provide minimum spec-
tral phase variation. Fibers are embedded in a
stainless-steel and flexible waterproof tube. The cable
has an excellent mechanical resistance. E2000 (Dia-
mond Inc.) connectors and adapters are used to con-
nect the sections together. Each connection is secured
with a waterproof two-flange sleeve arrangement.
The compensation fiber is used to compensate the
static differential dispersion between the two fiber
cables. It is not supposed to be set up outdoors and is
designed for laboratory use and to be easily manipu-
lated. It is protected by a polyvinyl chloride and poly-
tetrafluorethylen reinforced tube.

4. Description of the Laboratory Interferometer
The experimental setup is shown in Fig. 1. The two
300 m long single-mode K-band fibers were placed in
the arms of a Mach–Zehnder interferometer. A ther-
mal source was injected into a standard single-mode
fiber to make a spatially coherent point source and
collimated to be launched in the interferometer. The
beam was amplitude divided by a beam splitter. The
reflected light was directed toward a delay line that
consisted of a retroreflector mounted on a motorized
translation stage to compensate the OPD between
the two arms. This delay line was also used to scan
the OPD to obtain temporally modulated fringes. The
two beams were injected into dispersion compensa-
tion fibers (C1 and C2) by off-axis parabolas. These
fibers were connected to the 300 m long transmission
fibers (T1 and T2). On the first arm of the interferom-
eter, a 150 m long fiber was loosely coiled into 35 cm
diameter loops and placed in a temperature-
controlled enclosure to characterize the effect of the
temperature difference between two fibers. The rest
of the fiber of the first arm and the second arm was
wrapped around drums and maintained at room tem-
perature that was constant at %20 °C during this
experiment. The outputs of transmission fibers were

Fig. 1. Experimental setup. C1, C2, C3, C4: dispersion compen-
sation fibers. T1 and T2: 300 m long transmission fibers. C3 and C4
are used for polarization control. BS, beam splitter.

20 August 2005 & Vol. 44, No. 24 & APPLIED OPTICS 5031

connected to the second dispersion compensation fi-
bers (C3 and C4). These fibers were twisted to match
the polarization states of the two output beams. The
dispersion compensation fibers were connected to a
fiber coupler to recombine the beams. After beam
combination in the coupler, the light from one of the
outputs of the coupler was K-band filtered and fo-
cused onto a pixel of the NICMOS3 (Rockwell Scien-
tific) infrared array detector.

5. Case of No Differential Temperature Condition

A. Transmission

The cables’ transmission was obtained by comparing
the intensity of the light through a fiber link (trans-
mission fiber and dispersion compensation fiber, in-
cluding connection losses) plus a reference fiber to the
intensity of the light through the reference fiber only.
The transmission measured over the K band was
!50%. This is competitive compared with classical
optical trains to guide the beams and compares with
an optical train with 15 ! 95% reflections.

B. Differential Chromatic Dispersion

The compensation of differential chromatic disper-
sion with both cables at equal temperature has been
achieved by Le Verre Fluoré. Figure 2 shows a labo-
ratory interferogram, and Figure 3 shows the spec-
tral phase obtained with a K-band filter on an
artificial point source. The spectrum of the light de-
tected by NICMOS chips is shown in Fig. 4. The
estimated phase curvature is 6.2 "rad cm2. For this
measurement, we put the T1 and T2 fiber in the
laboratory and rolled it around the same bobbin.
There are small higher-order phase variations, but
they are difficult to measure accurately. The asym-
metry of the interferogram is associated with the
residual dispersion that is difficult to compensate.
The remaining orders may be attributed to inhomo-
geneities of the fibers such as core diameter varia-
tions.

C. Polarization

The polarization state of fibers has been controlled by
twisting loops made with the compensation fibers.
The polarization controller consists of two sets of
20 cm diameter fiber loops. Ninety percent apparent
fringe contrasts have been achieved in the wideband
after the polarization states were matched.

6. Case of Differential Temperature Condition
On the summit of Mauna Kea, the typical tempera-
ture variation is within 3 °C during a night. To iden-
tify if any temperature conditions on Mauna Kea
could lead to a serious problem, we carried out a
stability test of the following parameters as a func-
tion of temperature difference between the two fibers:
(1) the position of the central fringe, (2) differential
dispersion, and (3) mismatch of the polarization
state.

We varied the temperature difference from 0° to 3 °C
of a 150 m long section by changing the temperature
of the enclosure. For each 0.5 °C increase in temper-
ature, we waited 20 min for thermal equilibrium of
the fiber in the enclosure to be achieved. Then the
position of the central fringe, differential dispersion,

Fig. 2. Laboratory interferogram.

Fig. 3. Spectral phase of laboratory interferogram.

Fig. 4. Spectrum of the light source detected by NICMOS
chips.

5032 APPLIED OPTICS " Vol. 44, No. 24 " 20 August 2005



Transport with single mode fibers 

•  2 x 300 m silicate fibers J and H band (IRCOM, Limoges) 
–  Contrast ~50% for full band, 70% for 100 nm band-path, single polarization, transmission 95%. 

•  2 x 300 m fluoride glass fibers K band (Le Verre Fluoré) 
–  Contrast ~90% for full band, two polarizations, transmission 60%. 
–  Temperature dependence. 
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over the J-band for the two 300 m fibres under
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PZT.
These results are corroborated by contrast
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ture dependence of the fiber length difference and the
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dependent because the temperature variation will
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fer function Ti#$$.

D. Compensation of Thermally Induced Differential
Dispersion

The differential dispersion of the fiber can be com-
pensated by inserting an additional dispersive media,
for example, a glass plate. If one adds a glass plate of
thickness D and propagation constant &c, the curva-
ture of phase becomes

!!2"(T # Td, $)

!$2 "
cmp

%
!2"(T # Td, $)

!$2 (
!2&c($)

!$2 D.

(7)

To minimize phase curvature, i.e., to compensate
differential dispersion, the additional dispersive ma-
terial must have an appropriate thickness and prop-
agation constant. This method was proposed by Sato
et al.13 They used BK7 glass wedges to compensate
differential dispersion caused by a fiber length differ-
ence between two silica fibers. Another idea of com-
pensation is to stretch a fiber wrapped on an
expandable cylinder. This method has been tested for
the J-band fibers.14

3. Fiber Configuration
The K-band single-mode fiber cables were manufac-
tured by Le Verre Fluoré in France. The fiber is op-
timized for operation in the K band #2.0–2.4 )m$ with
the following parameters: The diameter of fiber core

and cladding is 6.5 and 125 )m, respectively; the
cutoff wavelength is 1.95 )m; and the numerical ap-
erture is 0.23.

Each fiber cable is made of a 300 m long transmis-
sion fiber with %5 m long compensation fibers at both
ends of the transmission fiber. The transmission ca-
bles are designed for outdoor use and consist of 6
* 50 m long sections. Sections were selected so that
the best combination would provide minimum spec-
tral phase variation. Fibers are embedded in a
stainless-steel and flexible waterproof tube. The cable
has an excellent mechanical resistance. E2000 (Dia-
mond Inc.) connectors and adapters are used to con-
nect the sections together. Each connection is secured
with a waterproof two-flange sleeve arrangement.
The compensation fiber is used to compensate the
static differential dispersion between the two fiber
cables. It is not supposed to be set up outdoors and is
designed for laboratory use and to be easily manipu-
lated. It is protected by a polyvinyl chloride and poly-
tetrafluorethylen reinforced tube.

4. Description of the Laboratory Interferometer
The experimental setup is shown in Fig. 1. The two
300 m long single-mode K-band fibers were placed in
the arms of a Mach–Zehnder interferometer. A ther-
mal source was injected into a standard single-mode
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beam was amplitude divided by a beam splitter. The
reflected light was directed toward a delay line that
consisted of a retroreflector mounted on a motorized
translation stage to compensate the OPD between
the two arms. This delay line was also used to scan
the OPD to obtain temporally modulated fringes. The
two beams were injected into dispersion compensa-
tion fibers (C1 and C2) by off-axis parabolas. These
fibers were connected to the 300 m long transmission
fibers (T1 and T2). On the first arm of the interferom-
eter, a 150 m long fiber was loosely coiled into 35 cm
diameter loops and placed in a temperature-
controlled enclosure to characterize the effect of the
temperature difference between two fibers. The rest
of the fiber of the first arm and the second arm was
wrapped around drums and maintained at room tem-
perature that was constant at %20 °C during this
experiment. The outputs of transmission fibers were

Fig. 1. Experimental setup. C1, C2, C3, C4: dispersion compen-
sation fibers. T1 and T2: 300 m long transmission fibers. C3 and C4
are used for polarization control. BS, beam splitter.
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connected to the second dispersion compensation fi-
bers (C3 and C4). These fibers were twisted to match
the polarization states of the two output beams. The
dispersion compensation fibers were connected to a
fiber coupler to recombine the beams. After beam
combination in the coupler, the light from one of the
outputs of the coupler was K-band filtered and fo-
cused onto a pixel of the NICMOS3 (Rockwell Scien-
tific) infrared array detector.

5. Case of No Differential Temperature Condition

A. Transmission

The cables’ transmission was obtained by comparing
the intensity of the light through a fiber link (trans-
mission fiber and dispersion compensation fiber, in-
cluding connection losses) plus a reference fiber to the
intensity of the light through the reference fiber only.
The transmission measured over the K band was
!50%. This is competitive compared with classical
optical trains to guide the beams and compares with
an optical train with 15 ! 95% reflections.

B. Differential Chromatic Dispersion

The compensation of differential chromatic disper-
sion with both cables at equal temperature has been
achieved by Le Verre Fluoré. Figure 2 shows a labo-
ratory interferogram, and Figure 3 shows the spec-
tral phase obtained with a K-band filter on an
artificial point source. The spectrum of the light de-
tected by NICMOS chips is shown in Fig. 4. The
estimated phase curvature is 6.2 "rad cm2. For this
measurement, we put the T1 and T2 fiber in the
laboratory and rolled it around the same bobbin.
There are small higher-order phase variations, but
they are difficult to measure accurately. The asym-
metry of the interferogram is associated with the
residual dispersion that is difficult to compensate.
The remaining orders may be attributed to inhomo-
geneities of the fibers such as core diameter varia-
tions.

C. Polarization

The polarization state of fibers has been controlled by
twisting loops made with the compensation fibers.
The polarization controller consists of two sets of
20 cm diameter fiber loops. Ninety percent apparent
fringe contrasts have been achieved in the wideband
after the polarization states were matched.

6. Case of Differential Temperature Condition
On the summit of Mauna Kea, the typical tempera-
ture variation is within 3 °C during a night. To iden-
tify if any temperature conditions on Mauna Kea
could lead to a serious problem, we carried out a
stability test of the following parameters as a func-
tion of temperature difference between the two fibers:
(1) the position of the central fringe, (2) differential
dispersion, and (3) mismatch of the polarization
state.

We varied the temperature difference from 0° to 3 °C
of a 150 m long section by changing the temperature
of the enclosure. For each 0.5 °C increase in temper-
ature, we waited 20 min for thermal equilibrium of
the fiber in the enclosure to be achieved. Then the
position of the central fringe, differential dispersion,

Fig. 2. Laboratory interferogram.

Fig. 3. Spectral phase of laboratory interferogram.

Fig. 4. Spectrum of the light source detected by NICMOS
chips.
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C. Temperature Dependence of Polarization State
in Fibers

The temperature difference between two fibers may
change the state of polarization of light propagated
through the standard fibers. This arises from various
reasons: temperature dependence of the birefrin-
gence properties of the fibers or the change of bending
and twist of the fibers. These effects may alter the
matching of the polarization states and result in con-
trast losses.

To investigate the temperature dependence of the
mismatch of polarization states, we measured the
contrast of narrowband interferograms as a function
of temperature difference. If the bandwidth is narrow
enough, this prevents confusing contrast losses due to
polarizations with contrast losses due to the spread-
ing of the interferograms by dispersion. The FWHM
of the Brackett ! narrowband filter used in this mea-
surement is 20 nm and the central wavelength is
2.165 !m.

Figure 8 shows the measured narrowband fringe
contrast versus the temperature difference between

the two fibers. The visibility slightly decreased with
the increasing temperature difference. The decrease
of less than 1.5% of the fringe contrast is not serious,
but is not negligible compared with the precision
achieved by fiber beam combiners on visibilities that
are better than 1%.8 To be biased by temperature
variations and to keep the few 0.1% visibility accu-
racy level, it is important to calibrate the system
visibility as the temperature changes.

7. Compensation of Thermally Induced Differential
Dispersion
In Section 6 we showed that fibers are highly sen-
sitive to thermal conditions and that differential
dispersion reduces the performance of an inter-
ferometer. Hence, under realistic observing con-
ditions, an active dispersion compensation is
required. In this section we describe an experimen-
tal result of the active compensation of the differ-
ential dispersion using CaF2 glass plates.

According to Eq. (7), a dispersion compensator
must have dispersion properties similar to those of
the fiber and an appropriate thickness. In addition, a
good transmittance in the wavelength range of oper-
ation is required. We selected CaF2 glass as material
for the dispersion compensator device because its dis-
persion properties are close to fluoride glass, the ma-
terial of the fibers.

We used almost the same setup as described in
Section 4. At first, we set a 3 °C temperature differ-
ence between two 150 m long fibers by changing the
temperature of the enclosure, and we obtained highly
dispersive interferograms as can be seen in Fig. 7.
The curvature of the spectral phase of this interfero-
gram was !120 !rad cm2 "L#150 m$. Plates of vari-
ous thicknesses of CaF2 were inserted in the beam of
the arm maintained at room temperature to study
how the compensator works.

Figure 9 shows the measured variation of phase
curvature as a function of the thickness of the CaF2
glass plates. It is found that the differential disper-
sion of the fiber cables in the presence of a 3 °C tem-

Fig. 7. Highly dispersive interferogram obtained after a 3 °C
temperature difference was set between the fibers.

Fig. 8. Measured apparent narrowband visibility versus temper-
ature difference.

Fig. 9. Phase curvature measurements versus various thick-
nesses of CaF2. The applied temperature difference was 3 °C.

5034 APPLIED OPTICS # Vol. 44, No. 24 # 20 August 2005
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Fig. 6.18 – Taux d’injection moyens obtenus sur le CFHT dans des fibres monomodes pour
les bandes J (carré jaune), H (triangle orange) et K (rond rouge), accompagnés des erreurs
statistiques sur les mesures. Le trais plein horizontal représente la limite théorique du taux
d’injection en bande K résultant de l’inadéquation pupille - mode de la fibre. Le trais en
pointillés tient compte des performances attendues de l’optique adaptative ; il représente donc
le niveau cible à atteindre pour le taux d’injection.
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Fig. 6.19 – Taux d’injection moyens obtenus sur le Keck dans des fibres monomodes pour
les bandes J (carré jaune), H (triangle orange) et K (rond rouge), accompagnés des taux
d’injection correspondant aux états hauts de la vibration constatée sur le télescope (sommets
des trais verticaux). Le trais plein horizontal représente la limite théorique du taux d’injection
en bande K résultant de l’inadéquation pupille - mode de la fibre. Le trais en pointillés tient
compte des performances attendues de l’optique adaptative ; il représente donc le niveau cible
à atteindre pour le taux d’injection.
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Fig. 6.20 – Taux d’injection obtenus sur Gemini dans des fibres monomodes pour les bandes
J (carré jaune), H (triangle orange) et K (rond rouge). Le trais plein horizontal représente la
limite théorique du taux d’injection en bande H résultant de l’inadéquation pupille - mode de
la fibre. Le trais en pointillés tient compte des performances attendues de l’optique adaptative ;
il représente donc le niveau cible à atteindre pour le taux d’injection. Les biais d’étalonnage
résultant des conditions météorologiques peu favorables sont clairement visibles.
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First demonstration on Keck Interferometer 

•  Injection at AO focus 

•  Routing through cable trays, 
azimuth cable wraps 
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First demonstration on Keck Interferometer 

Extraction before long delay lines 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Identical path to Fringe Tracker 
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First demonstration on Keck Interferometer 

And it worked on 18 June 2005! 
–  Some vibrations in the injection 
–  Lots of piston vibrations 
–  Some dispersion (from AO dichroics) 
–  Overall transmission 0.5~1.0% (KI = 1.1%) 
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Interferometric Coupling of the Keck
Telescopes with Single-Mode Fibers
G. Perrin,1* J. Woillez,2 O. Lai,3 J. Guérin,1 T. Kotani,1 P. L. Wizinowich,2 D. Le Mignant,2

M. Hrynevych,2 J. Gathright,2 P. Léna,1 F. Chaffee,2 S. Vergnole,4 L. Delage,4 F. Reynaud,4

A. J. Adamson,5 C. Berthod,6 B. Brient,6 C. Collin,1 J. Crétenet,7 F. Dauny,1 C. Deléglise,6

P. Fédou,1 T. Goeltzenlichter,1 O. Guyon,8 R. Hulin,1 C. Marlot,1 M. Marteaud,1,7 B.-T. Melse,1

J. Nishikawa,9 J.-M. Reess,1 S. T. Ridgway,10 F. Rigaut,11 K. Roth,11 A. T. Tokunaga,12 D. Ziegler1

I
ncreasing the resolving power of telescopes
to image compact astronomical sources re-
quires large apertures; however, 100 m is

probably a technological limit for single aper-
tures. Creating a larger aperture will require
combining telescopes into interferometric
arrays and using aperture synthesis techniques.
The goal of FOHANA (Optical Hawaiian Array
for Nanoradian Astronomy) is to investigate
the value of single-mode fibers for kilometric
baselines and to combine the large optical
telescopes (1) of the Mauna Kea Observatory
(fig. S1) into an 800-m interferometer (2) to
image faint objects at resolutions below 1
milli–arc sec and at near-infrared wavelengths.

Here we report the first results obtained using
2 ! 300–m-long fluoride glass fiber cables to

combine the Keck telescopes in the near infrared
between 2 and 2.3 mm. Single-mode fibers were
proposed to propagate coherent light for astro-
nomical interferometry (3). The long distances
and large numbers of mirrors required in optical
interferometers are a cause of low throughput
(1% for the Keck interferometer) (4). Fibers
have attenuations of 3 to 1 dB/km in the near
infrared, leading to potential transmissions
superior to those of optical trains in the J, H,
and K bands (near-infrared astronomical photo-
metric bands in which the atmosphere is trans-
parent). The large dispersion of the 300-m-long
fiber pair was matched, and the contrast was
optimized above 96% in a 300-nm-wide band
(5). Twisting nonbirefringent fibers to match po-
larization planes solved polarization issues. The

Keck bulk optics delay lines (6) were
used, because equivalent fibered delay
lines are not mature yet. This delay line
problem, together with the bandwidth
limitation, may be overcome with pho-
tonic crystal fibers in the future.

The adaptive-optics (7) corrected
beams were injected into the fibers at
the Nasmyth foci. Fibers were routed
down to the interferometric laboratory
(fig. S2). The fiber outputs fed the delay
lines toward the beam combiner (fig.
S3); most of the Keck interferometer
classical optical train was bypassed with
the single-mode fibers. Although the
Keck baseline is 85 m, our setup is
equivalent to a È500-m interferometer
with respect to coherent propagation.
Before on-sky tests, fringes were ac-
quired in auto-collimation mode, in
which a white light source (bandwidth
9300 nm) propagated upward from the
beam combiner to the injection modules
and was reflected back to the combiner.
The acquired interferograms showed
negligible dispersion (fig. S4) but a 75%
fringe contrast, possibly because of slight
dispersion and birefringence.

On-sky tests were performed on 18
June 2005. The fringe scan frequencywas
200 Hz and the exposure time per sample
was 1 ms. First fringes (Fig. 1) were
detected on 107 Herculis (A7V star, K

magnitude 0 4.6, diameter 0.42 milli–arc sec)
with a 99% expected visibility on the 85-m
baseline. The measured fringe contrast was only
25% and dispersion was clearly high. A simu-
lated maximum fringe contrast of 35% was ex-
pected due to different dichroic plates in the two
adaptive optics systems (setup for FOHANA
only). Despite cloudy conditions, a minimum
transmission was derived: 1.1! 106 photons were
expected per exposure on 107 Herculis, whereas
6 ! 103 were measured, hence a coherent flux
transmission of 0.5%. Given the then probable
low transmission of the atmosphere in the infra-
red, this is at least as good as the 1% transmission
of the classical system but lower than our
estimated transmission of 4%. This transmission
could be improved to 10% with optimized optics
and 100-m-long fibers and hence may be a
potential gain over classical beam trains.
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Fig. 1. Fringes on the star 107 Herculis. (Top) The low-
frequency intensity fluctuations are due to vibrations.
(Bottom) The signals were high-pass filtered to remove
the low-frequency vibrations.
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Meanwhile, for Canada-France-Hawaii - Gemini 11 

An insulated pipe, to pull the fibers in 
A baseline vector measurement by IGN 

162.380 m [σ < 5 mm]  



Meanwhile, for Canada-France-Hawaii - Gemini 12 

Delay lines, installed inside CFHT 
 
- Physical length: 14 m 
- Central carriage in multiple pass (x8) 
- Continuous delay with double pass translation stage 
- Correct for 160 m baseline (CFHT-Gemini) 

Beam combiner optical table 

Central carriage Continuous delay translation table 



Meanwhile, for Canada-France-Hawaii - Gemini 13 

2006.07.03 

A multi-coaxial beam combiner, developed at Obs. Paris, tested on IOTA 

1: Scanning piezo 6: NICMOS-based detector 

2: Fibered X coupler 

3: Multi-axial 

4: Spectral dispersion 

5: Anamorphosis 



Where were we then? 

•  Injection arc 
–  2002.08: CFHT 
–  2002.12: WMKO 
–  2003.07: Gemini 

•  Beam combiner arc 
–  2003.06: First IOTA run 
–  2004.10: Second IOTA run 
–  2006.06: Third IOTA run (last IOTA run) 

•  Keck Interferometer arc 
–  2004.08: Installation 
–  2004.12.01: Weathered out 
–  2005.01.31: Weathered out 
–  2005.06.17: Full night, cloudy, but first fringes on 17 Her (K=4.6), AO dichroic dispersion 
–  2006.05.08: No fringes, polarizations were crossed 
–  2007.11.19: Good injection, then lost to high humidity 
–  2009.03.07: Weathered out (staring Jean Cavé) 
–  2009.08.09: Failed to inject in fibers (staring Mr Perrin) 

•  OHANA IKI arc 
–  2007.04: Delay line installation 
–  2008.04~07: CFHT – Gemini baseline measurement [5 mm] (internship: B. Lenoir) 
–  2009.04~05: Delay line commissioning 
–  2009.04~07: IKI telescope injection tests (internship: F. Bouchacourt & G. Zahariade) 
–  2010.04~07: IKI fringes (internship: Y. Dong) 
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Maybe not too wise to go for CFHT-Gemini right away… 
 

How can we validate our interferometer independently? 



OHANA IKI 15 

 

 

 

 

G. Zahariade 

Meet the IKIs! 
 
2x Celestron 8” (CPC 800 GPS XLT) 

Y. Dong 

F-ratio adaptation to fiber mode 
Tip/tilt servo with visible camera and voice coil 
Control loop and acquisition from PC 
Baril+ 2010SPIE.7734E..72B 

Jake Blues 

Elwood Blues 
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13 m 13 m 

Mach-Zender with 13 m fibers 
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300 m 300 m 
Mach-Zender with 300 m fibers 
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300 m 300 m 
Mach-Zender with 300 m fibers 

and passive isolation 
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Measuring a baseline 

Checking injection stability 



Optical (not so) Long Baseline Interferometry 20 

Antares, J band, late June 2010 

Followed by Antares vs Arcturus on 1 m baseline… 



There is a future 21 

Somewhere in Michigan… 

From OHANA IKI to many telescopes for imaging 
AGILIS: Agile Guided Interferometer for Long baseline Imaging Synthesis 
 
 

Fibers are being prepared for coherent transport somewhere else 





Where are we now 

•  Injection arc 
–  2002.08: CFHT 
–  2002.12: WMKO 
–  2003.07: Gemini 

•  Beam combiner arc 
–  2003.06: First IOTA run 
–  2004.10: Second IOTA run 
–  2006.06: Third IOTA run (last IOTA run) 

•  Keck Interferometer arc 
–  2004.08: Installation 
–  2004.12.01: Weathered out 
–  2005.01.31: Weathered out 
–  2005.06.17: Full night, cloudy, but first fringes on 17 Her (K=4.6), AO dichroic dispersion 
–  2006.05.08: No fringes, polarizations were crossed 
–  2007.11.19: Lost to high humidity 
–  2009.03.07: Weathered out (staring Jean Cavé) 
–  2009.08.09: Failed to inject in fibers (staring Mr Perrin) 

•  OHANA IKI arc 
–  2007.04: Delay line installation 
–  2008.04~07: CFHT – Gemini baseline measurement [5 mm] (internship: B. Lenoir) 
–  2009.04~05: Delay line commissioning 
–  2009.04~07: IKI telescope injection tests (internship: F. Bouchacourt & G. Zahariade) 
–  2010.04~07: IKI fringes (internship: Y. Dong) 
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