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	ALMA CHANGE REQUEST
	Date submitted: 2005-01-05  CRE #: ALMA-50.00.00.00-090-A-CRE

	
	TITLE:  Phase Stability with antenna motion

	To be completed by CR Submitter/Initiator) Description of change (detailed description of change proposed) and Justification:

The purpose of this CRE is to establish an ALMA specification on pointing dependent instrumental delay viz antenna position determination;  i.e., LO phase stability requirement as a function of 
large angle slews of the telescope.  The current specification is as follows:

From “System Level Technical Requirements, Req’t:451: Delay Error due to Electronics : 22 fsec.  

This is applicable over all antenna motions as the RMS sum of differences from 10-esc averages over a 300 sec interval.  Though not mentioned explicitly in the requirements, it is assumed to apply over all ranges of antenna motion within this interval.

However, for all known observational modes except Antenna Position Determination, phase drift must be controlled over smaller portions of the sky covered by maximum slew angles of  *** deg and *** deg in elevation.

We suggest that the Requirement 451 be modified as follows:

For small angle motion, using source tracking and position switching:

Delay Error due to Electronics: 22 fsec.  

This is the RMS sum of differences from 10-sec averages over a 300 sec interval, and it applies over antenna slew angles limited by +/- ** deg in azimuth and +/- *** deg in elevation.
For large angle motion, esp. used for Antenna Position determination, 

Delay Error due to Electronics: 

The rms of the accumulated delay change making 5 stops over an 180 degrees azimith slew shall be less than 100 fsec. For elevation slews, the RMS of the accumulated delay change after 5 stops between 0 and 90 deg elevations shall be less than 50 fsec.


	Additional information in attached documents: 

Discussion appended.


	Impact: x FORMCHECKBOX 
Specifications    x FORMCHECKBOX 
Science   x FORMCHECKBOX 
Cost     FORMCHECKBOX 
Schedule    FORMCHECKBOX 
Safety    FORMCHECKBOX 
Technical
 FORMCHECKBOX 
Other (specify):

	Description of impact:

The CRE will reduce the phase noise specification for the LO reference to the receivers to within realistic and practicable limits for large antenna motions.  There is no cost impact in implementing the CRE; there may be a significant cost of not implementing it.  Not implementing this CRE could result in an additional year or more of R&D on instrument development with a cost in the 6 figures or more.  
     

	Affected products to be modified: The CRE will remove the need for extraordinary effort to accomplish what appears to be an unrealistic goal by providing two different specifications for phase stability, one for tracking rates and one for large antenna motions.


	Affected documents to be revised:

ALMA-80.04.00.00-005-A-SPE ALMA System Level Technical Requirements
     

	Remarks: 
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Discussion:  

      There is a certain spec on the LO phase stability; however, depending on the design of the cable wrap that will carry the LO signal to the antenna, there might be a much larger phase error if the antenna is moved over a large angle eg > 100 deg.  In principle, the line length corrector takes out phase noise introduced by the antenna cable wrap, but there may be a practical limit to how well it works. 
      There's thought to be no issue for antenna movements of a few degrees, so the normal observing technique, referencing the source phase to a calibrator phase, won't be affected.   However, can the spec on LO phase stability after, say, a 100-degree antenna move be relaxed compared to the spec that's used for normal observing and for very small (~1 degree) antenna movement? For example, if the goal in locating antennas is 100 microns (see ALMA Memo #503, John Conway), does that imply that the LO might be allowed to introduce, say, an extra 30 microns of phase error after a move of 100 degrees?  This 30 microns of error would be constant at 30 microns for a further move of ± a few degrees, but might not be repeatable. Moving from antenna position A to position B might introduce 30 microns, but after  moving back to A and then to B again, the added LO phase offset might be -25 microns.  In other words, this extra phase error would be consistent for further small moves, but every time there's a big move it might jump arbitrarily by up to ±30 microns, in a quite unpredictable 
way. 
     In summary, can we relax the LO phase spec to be as bad as 30 microns for antenna moves > 100 degrees?  

Assumptions:
1) We assume the biggest change in delays are with azimuth slews rather than elevation slews (this can make a difference, z-coordinate positioning errors will be especially sensitive to any elevation pointing 
dependant instrumental delays). 

2) The spec is for the stability over 180 degrees rather than 100.  That is to say that if you measure the antenna pos in x, you need to difference the delay you observe between a calibrator 
20-30 deg above the Eastern horizon compared to one the same angle above the Western horizon. 

3) If we observe a total of 9 sources spread over the sky for antenna position determination, then that means 4 or 5 stops over 180 deg.  [So a possible spec would be along the lines of ....less than 30 microns accumulated delay  over 180 deg, after 5 stops to observe a bright calibrator.  We can discuss further the above number, maybe it can be increased significantly above 30 microns, but that I think is the form of the spec.  How easy the above is to achieve depends on the statistical nature of the pointing dependant instrumental delays on which I am still a little hazy. When one stops and then moves again do the errors accumulate as a random walk or do they stay within defined limits (I guess the former based on what is said below). ]

4) The actual antenna location problem consists of say 6 to 8 cycles around 9 sources, so if again the introduced pattern of instrumental delay versus azimuth was completely random for each of these cycles, one could ease up on the spec. 

