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One-Dimensional Diffraction-limited Coronagraph (1DDLC)

Spectral observations of the directly detected planets require wide wavelength bands of the coronagraphic instruments. We report on 

the development progress of wide-spectral-band serially conjoined nuller systems using the one-dimensional diffraction-limited 

coronagraph (1DDLC). The 1DDLC offers promising features, such as a binary null ability like the band-limited mask coronagraph and 

small inner working angles like the phase-induced amplitude apodization complex-mask coronagraph (PIAA-CMC), but its starlight-

suppression performance at the diffraction-limited (about 1 𝜆/𝐷) separation angles is affected by spectral bandwidth. This is because 

speckle nulling sufficiently works for the wavelength-deviation leak only at the non-diffraction-limited separation angles. Nevertheless, 

in the 1DDLC, wavelengths deviated from the design wavelength introduce leaks with a flat wavefront on the Lyot-stop plane. This leak 

can be removed by the successive nuller. Hence, conjoined nuller systems using the 1DDLC can achieve wide spectral bands even at 

diffraction-limited (about 1 𝜆/𝐷) separation angles. So far, a monochromatic experiment without active wavefront controls demonstrated 

the starlight-suppression ability of the 1DDLC to at worst a 10−5 level. With the same experimental setup, we have also confirmed the 

PSF profile of the leak from the 1DDLC due to the wavefront deviation from the design-center wavelength same as the profile of the on-

axis point source. In this setup, we implemented the focal-plane mask using a method similar to but different from the vector vortex 

mask coronagraph. The possible second-stage nuller includes photonic-integrated-circuit (PIC) nullers and fiber nullers. An experiment 

adopting a fiber nuller as the second stage has shown that the combination of the two nullers actually broadens the spectral bandwidth. 

For future demonstration of the combination of the 1DDLC and the PIC, designing a connection part between nullers is ongoing. We 

plan to conduct the demonstrations in cooperation with wavefront correction technologies in the future.
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