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Abstract. W e m a d e ape r tu re m a s k i n g o p t i c a l in te r fe romet ry e x p e r i m e n t s us ing u p t o 3 0 aper tures 

a n d w i t h a t ip-til t c o r r e c t i o n o f wavef ron t e r ror . W e e x a m i n e d the p e r f o r m a n c e o f m i n i m u m 

r e d u n d a n t con f igu ra t ions o f 11-30 sub-aper tu res o n the pup i l p l ane m a s k . T h e s e conf igu ra t ions 

h a v e t w o a d v a n t a g e s ; the r e d u n d a n c y noise is as smal l as rea l ized in n o n - r e d u n d a n t m a s k i n g 

m e t h o d , a n d the u v - c o v e r a g e is as h i g h as in speck le in te r fe romet ry enab l i ng t o ge t r e c o n s t r u c t e d 

i m a g e s w i t h o u t m a s k e x c h a n g e . W e a lso e x a m i n e d the effect o f t ip-ti l t wavef ron t c o r r e c t i o n wi th in a 

t e l e s c o p e p u p i l in f ront o f the ape r tu re m a s k i n g o p t i c s . T h e l ight c o h e r e n c y b e t w e e n sub-aper tu res 

w a s s h o w n t o increase b y the c o r r e c t i o n . 
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1 . M i n i m u m Redundant Configurations for Aperture Masking M e t h o d 

Redundant masking method takes an intermediate position between the speckle 

masking (SM) method (Lohmann et al. 1983) and the non-redundant masking 

( N R M ) method (Haniff et al. 1987), and shares the advantages of the two methods. 

Minimum redundant masking ( M R M ) method is considered to be the most effec-

tive redundant masking method for imaging, which has following characteristics: 1. 

High uv-coverage with a single exposure; 2. A sufficient number of non-redundant 

baselines free from redundancy noise; 3. Availability of visibility data at redundant 

baselines as constraint conditions in the Fourier space for mapping; 4. Attained 

limiting magnitude larger than by N R M , but smaller than by SM. M R M can pro-

duce enough Fourier components and their closure quantities by one exposure to 

reconstruct an image. It is possible to carry out image restoration not by point 

source fitting but by hybrid mapping method. If we use a few masks with different 

configuration, the reconstructed image can be obtained with much less ambiguity. 

When we fill up the Fourier space under a given observing time, small redundant 

configurations of many apertures with high uv-coverage, may be one of the best 

way to offer the longest integration time effective for each baseline, leading to high 

signal-to-noise ratio of interferometric data. The solar phenomena that varies as 

rapid as subseconds to minutes, are the suitable targets for the M R M . 
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The performance of the M RM depends on the number and the distribution of 

sub-apertures within a primary mirror shaded by a secondary mirror. Fig. 1 shows 

minimum redundant configurations for 11 and 15 sub-apertures and near minimum 

redundant one for 30 sub-apertures. The sub-apertures are set on intersections of 

the grid. For the 15 sub-aperture configuration, non-redundant baselines cover 74% 

of the 184 Fourier points generated by the original full grid point distribution. Be-

sides the square grid configurations, circular configurations with large odd numbers 

of apertures, multiple circular configurations, and Y-configurations are equally ef-

fective to get high uv-coverage with small redundancy, but they have systematic 

uncoverage or redundancy. 

2. Tip-Tilt Wavefront Correction in front of Aperture Masking Optics 

Without the low-order wavefront correction for aperture masking and speckle inter-

ferometry, the light coherency between distant sub-areas in a large telescope pupil 

decreases due to the optical delay. It is a severe problem for broad band observa-

tions under poor seeing conditions. The low-order wavefront correction will make 

fringes clearer and their motions slower on an imaging device. 

We made experiments of aperture masking interferometry with a tip-tilt wave-

front correction using 188cm telescope at Okayama Astrophysical Observatory(OAO) 

and 91cm at Dodaira Observatory ( D O ) . Schematic diagram of our tip-tilt correction 

and aperture masking optics is shown in Fig. 2. The tip-tilt mirror was operated 

at the first pupil image to fix the second pupil image where an aperture mask was 

placed. This tip-tilt correction system was servo controlled at 200 Hz for a 3 m„ 

star. Our tip-tilt correction system has a performance to increase the peak intensity 

of a point source by 1.3 times when the seeing size was 1.3 arcsec at R band. Fig. 3 

shows the mean Fourier power spectrum obtained by a point source (a Lyr) obser-

vation with the 15-aperture mask. Improvement on the Fourier power by applying 

the tip-tilt correction was confirmed, however the extent of improvement was not 

large enough to surpass the effect of variations of seeing condition. Fig. 4 shows the 

mean bi-spectrum for 455 triangles, the combinations of 3 apertures out of 15, with 

and without the tip-tilt correction. The phase of the bi-spectrum, which indicates 

the closure phase of each triangle, is shown to concentrate close to zero when the 

tip-tilt correction is operated. These results indicate that the tip-tilt wavefront cor-

rection system with high throughput is effective to obtain clear fringe signals for 

aperture masking method. 
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Fig. 1. Minimum redundant configurations for aperture masking method with 1 1 , 1 5 and 

3 0 apertures. The upper(-left) panel for each configuration indicates the aperture distri-

bution and the lower(-right) shows the distribution in the Fourier space. The number in 

the Fourier space shows redundancy at each point: 0 means no Fourier signal, 1 means 

non-redundant signal, 2 is double-redundant, and so on. The statistics for redundancy are 

as follows. For 11-aperture configuration, redundancy 0: 1 4 ( 1 3 % ) 1: 8 0 ( 7 4 % ) 2: 1 2 ( 1 1 % ) 

3: 2 ( 2 % ) ; for 15 apertures, 0: 1 6 ( 9 % ) 1: 1 3 6 ( 7 4 % ) 2: 2 4 ( 1 3 % ) 3 : 6 ( 3 % ) 4: 2 ( 1 % ) ; and for 

30 apertures, 0: 2 0 0 ( 2 5 % ) 1: 4 6 4 ( 5 7 % ) 2: 1 0 0 ( 1 2 % ) 3 : 2 6 ( 3 % ) 4 : 1 4 ( 2 % ) 5 - 7 : 1 2 ( 1 % ) . 
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Fig. 2 . Schemat i c d iagram of the tip-tilt wavefront correction and aperture mask ing optics. 

T h e tip-tilt mirror and the aperture m a s k are placed at pupil images , respectively. Solid 

lines indicate the out l ine of optical path and the dot ted lines s h o w the ray through the 

center of te lescope pupil . T h e tip-tilt mirror is control led in two directions by piezoelectric 

translator to balance o u t p u t signals from the quadrant p h o t o diodes . Focal length of L l , 

L 2 , and L 3 is 3 5 0 m m , and L 4 is 3 0 0 m m . A beam-spl i t ter picks up a b o u t a quarter of the 

light to the p h o t o d iode . 

Fig. 3 . Fourier power spec-

trum of a point source (a L y r ) 

obta ined with the m i n i m u m 

redundant 15-aperture m a s k . 

2 7 7 8 frames are averaged. 
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Fig. 4 . Bi-spectrum of a point source (a Lyr) for 

with and without the tip-tilt correction, obtained 

with the 15-aperture mask. Each cross indicates 

the complex value of the averaged bi-spectrum ob-

tained from 2666-frame for a triangle. 
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