
Multi-Stage Development of a Single-Mode Fiber Nuller at High Spectral Resolution

Abstract Searching for biosignatures in nearby (<10 pc) exoplanet atmospheres requires high-contrast imaging (better 
than 10-7) and high spectral resolution (R~100,000). We introduce a single-mode fiber nuller that is feeding a back-end 
diffraction-limited spectrograph. The fiber nuller takes advantage of the 23.8-m baseline at the Large Binocular 
Telescope Interferometer (LBTI) and the newly-available diffraction-limited single-mode fiber-fed spectrograph 
iLocater (R>200,000). We present (1) the principle of the fiber nuller; (2) our optical bench to demonstrate the 
necessary contrast and understand the contrast dependent on optical aberration; (3) a front-end module design to 
combine the fiber nuller with iLocater using a 8.4-m single aperture at LBT; and (4) concepts to use the 23.8-m 
baseline at LBTI to realize the full potential of the dual-aperture fiber nuller to study the exoplanet atmospheres of 
exoplanets and pave the way to search for biosignatures using future extremely large telescopes (ELTs).  
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(a): Intensity of a point source that is located at an infinite distance, i.e., 
an unresolved star. (b): A dual-aperture pupil plane with a π phase offset. 
(c): An image of the interferogram of the dual-aperture. Red dashed circle 
is the footprint of an on-axis single-mode fiber core after a beam-shaping 
device. (d): Coupling efficiency map vs. angular separations from the 
optical axis (i.e., coordinate [0, 0]). 

We develop an optical bench to demonstrate the necessary contrast and 
investigate the dependence of contrast on optical aberration. We are now 
using a sub-aperture pupil mask and the DM to modulate the phase of the 
two sub-apertures. We will consider other options such as wave plate, 
liquid crystal plate, and dual glass combination in the future. 
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We design a front-end module to insert a dual-sub-aperture pupil mask 
(along the blue beam) so that the nulled stellar light is fed to the single-
mode fiber for iLocater (along the red beam). Two flip mirrors switch on 
and off the high-contrast beam (indicated in blue) to determine if iLocater 
is operated in precision radial velocity mode or the fiber nulling mode 
(image credit: J. Crass and Mark Derwent at OSU Imaging Science Lab).  

Concept #1 Concept #2

We develop two concepts to realize the full potential of fiber nuller at 
LBTI. Concept #1 combines two beams and uses the reflected light for 
fringe checking. Concept #2 splits the light with a dichroic into a fiber 
injection arm and guide arm (image credit: C. Jurgenson at Harvard CfA).  
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We achieve 1:1000 contrast. The lack of control of tip-tilt and rotation of 
the focusing lens and linear translation of the pupil mask results in 
intensity imbalance and aberration before coupling to the single-mode 
fiber. Check Poster #: 13095-91 by Anusha Pai (RM G5 on June 19)


