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Interferometer in radio (1D) :��
Each antenna obtains Ò E-ÞeldÓ information

V(D) is a Fourier component of T(!" )
�à�*�N�B�H�F���D�B�O���C�F���S�F�D�P�O�T�U�S�V�D�U�F�E���C�Z���E�B�U�B���G�S�P�N���N�B�O�Z���C�B�T�F�M�J�O�F�T��

when the delay is adjusted 
to the zenith ...
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Cross correlation for !"  direction

|E (!" )|2 exp
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Integrating all the directions

V (D) =
!

T(!" ) exp
"

+ i2#
D
$
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#
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Visibility and Brightness in 2D
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Definition of Òuv vectorÓ for a projected baseline 

�	u, v�
�x�•�Ø�|�	 x, y�
�x�1�•�{ u ! x�x�f
b�| v ! y�x�Æ�z

!D = ( Du , Dv ) ! " (u, v)

Fourier Transform between Visibility and Sky Brightness 

V (u, v) =
! !

T(x, y)e+ i 2! (ux + vy ) dxdy

T(x, y) =
! !

V (u, v)e! i 2! (ux + vy ) dudv



In reality, (1) antenna power pattern and 
(2) uv-sampling also affect the obtained data É
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(1) V (u, v) ! P(x, y)T(x, y)
(�Í�ë�”�Í�»�”�ï ) (
��w�K�S
ü
Í )(�˜�’�•�”

�Ï�´�Ï�æ�Â�Ÿ )

where S(u, v) ! B (x, y)

(2) P(x, y)Tdirty (x, y)

=
! !

[S(u, v)V (u, v)] e! i 2! (ux + vy ) dudv

= B (x, y) ! [P(x, y)T(x, y)]

(�Ú
€	Z�”�Ú�¿�Ó = Dirty Map)
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(Dirty Beam)
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Visibility vs. Image 
(from NAASC Memo #104)
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ALMA Dirty Beam and Dirty Image 

ALMA ES Proposal Preparation Tutorial  Charlottesville,  April 26, 2011 15 

b(x,y) 
(dirty beam) B(u,v) 

T(x,y) 
TD(x,y) 

(dirty image) 

B(x,y) S(u,v)

T(x,y)
Dirty 

Image

convolution



Visibility ! Dirty Image ! Deconvolved Image
(from NAASC Memo #104)
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ALMA From Visibilities to Images 

ALMA ES Proposal Preparation Tutorial  Charlottesville,  April 26, 2011 29 

¥! Fourier transform of the measured V(u,v) to the image plane 
!  TD(x,y) 

¥! But difficult to do science on dirty image 
¥! To determine (model of) T(x,y) we need to deconvolve b(x,y) 

from TD(x,y) !  ÒcleanÓ image  

visibilities                dirty image             sky brightness 

Deconvolution Method
CLEAN
MEM



Data Cube
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Right Ascension 

Declination

Vlos, or 
Frequency

T (x, y, �), or T (�, �, vlos)
vlos is measured in ÒLocal Standard of RestÓ (LSR).



Channel Maps
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Right Ascension 

Declination



PV Diagram
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PV Diagram
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PV Diagram
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PV Diagram
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Moment Maps
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Examples: HD142527 in 13CO (J=3-2)
Briggs Wt (upper) and Uniform Wt (lower)
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0th 1st 2nd



Continuum Subtraction
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!

F or T Simple 
Spectroscopy

Line Free Channels

+
Continuum Line



Continuum Subtraction
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!

Real part
or

Imag. part

Complex VisibilityLine Free Channels

+
Continuum Line

Vector Averaging in
line free channels

Residual

Cont. 
Visibility

Line
Visibility



Peak Tb map of 13CO (J=3-2) around 
HD142527: Line only and Cont. added
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É in different color code
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Advanced Materials
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CLEAN Algorithm 
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Start / Resume

�L�ù�Ð�”�«  ICC(x,y) 

�›�_	Z�b

I(x,y)*B(x,y) �›�¾�X

ICC(x,y) �›�G�å

Residual �t	0�O

�‚�V�Ð�”�«�K�”�•

�"���M�J�T�U���P�G��ICC(x,y)
�	�$�M�F�B�O���$�P�N�Q�P�O�F�O�U�T�


�$�-�&�"�/���C�F�B�N��

BCL(x,y) 

[!  ICC(x,y)*BCL(x,y)] 

+ R(x,y)

�3�F�T�J�E�V�B�M���.�B�Q��

R(x,y) 

�%�J�S�U�Z���.�B�Q��

ID(x,y) 

�'�J�O�B�M���*�N�B�H�F

��IFIN (x,y) 

Yes

No

Operation Flow

Data Input/Output



Data Reduction  in the case of 
Fukagawa et al. (2013)
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Self-Calibration: ÒBefore-AfterÓ
HD142527 Continuum @ 330 GHz
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Before Self-Cal.

after
1 iteration

solving phase only

Final Image
6 iterations

solving phase +
1 iteration

solving amp. & phase
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rms = 2.24 mJy/beam 0.68 mJy/beam 0.13 mJy/beam 
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Self-Calibration
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Data Reduction  in the case of 
Fukagawa et al. (2013)
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Self-Calibration: ÒBefore-AfterÓ
HD142527 Continuum @ 330 GHz
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Before Self-Cal.

after
1 iteration

solving phase only

Final Image
6 iterations

solving phase +
1 iteration

solving amp. & phase
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