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Abstract 

 
The aim of this work is to improve high-frequency 
calibration data on long baseline observations for the 
ALMA antennas. A dual-frequency atmospheric phase 
error calibration method is proposed and will be 
implemented by the simultaneous observation in two 
ALMA Bands, specifically 6 and 9, coupled by means 
external optics in a few baselines. This method is 
envisioned to demonstrate the advantage of receiving 
signals simultaneously at different frequencies from the 
same point of the sky. It will permit an increase of 
accuracy in determining the phase correction needed to 
reduce the effects of the atmosphere. While maintaining 
the existing receiver optics, an optical layout that couples 
Bands 6 and 9 is proposed.   Here we demonstrate that 
very limited impact on the existing ALMA system is 
needed.  Furthermore, we present in detail the optical 
layout, made within the formalism of ray optics, and a 
detailed tolerance analysis. The initial results demonstrate 
the feasibility of the proposed system 
 
1. Introduction 
 
At present, the Atacama Large Millimeter/Submillimeter 
Array  (ALMA) [1] represents the largest astronomical 
project in existence, which is composed by 66 high 
precision antennas with advanced technology. Despite 
being located in one of the best sites for performing mm 
and submm radio astronomy (Chajnantor plateau located 
at the Atacama Desert in northern Chile) ALMA is not 
exempt from image degradation caused by atmospheric 
effects or instabilities in the instruments. To ensure that it 
operates at its full potential during the next years and 
decades it is necessary to maintain a continuous 
development program. 
As a part of this program we propose to develop a 
dual frequency atmospheric phase-error calibration 
method using ALMA Bands 6 and 9 by means of external 
optics on a few ALMA baselines employing existing 
ALMA receivers. This method is devised to demonstrate 
the advantages of receiving signal simultaneously at 
different frequencies from the same area of the sky. When 
implemented, it will permit an increase of accuracy in 
determining phase correction due to atmosphere; improve 
UV coverage and image quality; double instantaneous 
frequency coverage for line searches and improve cross 
calibration between different bands. This project involves 
designing an optical system for combining the beams of 
existing Bands 6 and 9, implementing limited 

modifications of signal transfer at few ALMA antennas 
and making dual-frequency observations with ALMA. 
Here we demonstrate that very limited impact on the 
existing ALMA system is needed and present the optical 
layout that it will be used. 
 
2. Optical Layout 
 
Figure 1 shows the optical layout of the coupling system. 
The concept is to use a dichroic to separate Band 6 and 9 
beams. The beam of Band 6 is reflected and then 
redirected to its respective window by an optical system. 
This system is composed of a dichroic filter followed by 
an elliptical mirror, then by a flat mirror and finally a 
second elliptical mirror. The incidence angle upon the 
dichroic filter is 12°, which guarantees a good efficiency 
performance for the whole system, in terms of beam 
distortion [2]. The idea of using two elliptical mirrors in 
this system is that the beam distortion (produced by each 
elliptical mirror) can be compensated by only adjusting 
their foci. Other advantage of using elliptical mirrors is 
that the beam shape could be easily matched, in order to 
change the beam features as few as possible [3]. 
All the optical components must be properly aligned for 
achieving high levels of efficiency. However, this 
situation is not realistic and the misalignments present in 
the system should be corrected. A tolerance analysis is 
presented in the next section in order to quantify the 
impact these misalignments. 
 

 
 
 
 

Fig. 1. Lateral view of the system under design made in 
Zemax software. It has been made using the sequential multi 
configuration Zemax option.  



 
 

 
 
 
 

 
 

 
 
 

3. Tolerance Analysis 
 
Tolerance analysis has as objective to know how sensitive 
the proposed system is to the angle misalignment and how 
the focus matching between the bands 6 and 9 will 
change. For this purpose it is necessary to find the virtual 
focus of the beam reflected by the dichroic. This means 
quantifying the shift along the propagation axis and 
perpendicular to the propagation axis that the virtual focus 
of the band 6 will have when each reflective surface of the 
system is tilted in certain angle. The shift of the virtual 
focus is computed by simple geometry and its results are 
showed in the figure 2. 
In order to both bands look at the same point in the sky 
their focus should overlap in a certain region, which 
defines an allowed field of view. That region is delimited 
by the beam waist of each band. The band 6 has a beam 
waist of 6,53 mm at a frequency of 275 GHz and the band 
9 has a beam waist of 2,98 mm at a frequency of 602 
GHz. The difference between these two beam waist is 
3,55 mm and the allowed field of view is showed as 
shadowed area in the figure 2. Moreover, the graphs show 
that the more sensitive component is the elliptical mirror 
2. This feature makes it the best choice to control the 
beam shift. 
Other important tolerance parameter to consider is the 
coaxial match between the beam of both bands. To assure 
a coaxial pair of beams, the tilt between the paraxial beam 
of each band has to be as small as possible. In the 
practical case this condition is hard to fulfill. A practical 
solution is to find out which element is more sensitive to 
angle variation (tilt) and which one is less to shift 
variation. This feature will help us to identify which 
elements are better in order to assign as a control 
parameter in order to reduce the beam mismatch. The 
results of this task are showed in the figure 3, showing us 
that the best choice to keep both beams in a coaxial 
configurations corresponds to the elliptical mirror 1 due to 
its high sensitivity.  
Additionally, we have performed the corresponding beam 
coupling efficiency calculations, which lead us to 
conclude that the power loss due to misalignment 
presented in the system is negligible for axially aligned 
beams. However, this power loss considerable increases 
when the beams are not in a coaxial configuration. This 
result show us the importance of including an alignment 
control device in the system in order to correct the 
misalignment. 
 
 
4. Conclusions 
 
An innovative and low distortion Zemax first order 
system, within the ray optics formalism, has been 
proposed. This system uses mirrors (two elliptical and one 
flat), which keeps the losses in a minimum level. 
After an exhaustive tolerance analysis, we have concluded 
that any misalignment presented in the system could be 
corrected by tilting the elliptical mirrors. As seen in the 
figure 2 and 3 these mirrors present the higher sensitivity 

Fig. 2. Tolerance analysis for the virtual focus of the band 6.
The shadowed region correspond to the allowed field of view.
This region indicates the maximum misalignment angle for
each component of the system.    

Fig. 3. Tolerance analysis for beam tilt. This graphs show us
that the elliptical mirror 1 is the best candidate to keep both
beams in a coaxial configuration. 



in one control parameter, either beam shift or beam tilt, 
and the lower in the other parameter. This feature makes 
them the best option to work as alignment control. Both 
elliptical mirrors are in top of the system under design. 
This detail could represent an advantage in the next stage 
of the project, when we focus on the mechanical design.  
In the next stage of the project, a Quasi-Optical model 
should be developed to corroborate the feasibility of this 
proposed design and calculate the size of the reflecting 
surfaces. 
 
 
7. References 
 
1. http://www.almaobservatory.org 
 
2. G. Pisano, "Polarization effects investigations in quasi-
optical metal grid filters" Infrared Physics & Technology, 
vol. 48, issue 2,pp 89-100 (2006) 
 
3. [3] J. A. Murphy, “Distortion of a simple Gaussian 
beam on reflection from off-axis ellipsoid mirrors,” Int. J. 
Infrared and Millimeter Waves, vol. 8, no. 9, pp. 1165–
87, 1988 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


		2017-11-10T12:09:49-0500
	Certified PDF 2 Signature




