CRE #: FEND-40.02.07.00-092-A-CRE  

TITLE:  Band 7 cartridges: Image band suppression 

The logic presented in this CRE is faulty.  The proposed sequence for calibration for single-dish observations cannot produce the required science.

Assessment of B7 ALMA science goals:

The highest level science requirements for ALMA are set forth in the Bilateral Agreement, Annex B.  These requirements drive the technical specifications of ALMA. A highly simplified flow-down of science requirements into technical specifications is given in ALMA Scientific  Specifications and Requirements ALMA-90.00.00.00-001-A- SPE.

The highest level science goals:  

B7 will not be used to observe a Milky Way doppelganger in a CO line at z=3.  The [C II] line will lie in B7 for the range 4.1<z<6.  It is quite conceivable that a Milky Way luminosity galaxy may be detectable with ALMA in this line in this distance range.  However, the size of such a galaxy would be small, and the entire galaxy would fit within the primary ALMA beam.  The sidebands could be separated interferometrically.  Clearly, improved receiver sensitivity would enhance ALMA’s ability to meet this goal for certain galaxies.

B7 will often be used for imaging of protoplanetary or protostellar disks.  These disks are sources of abundant molecular emission and sideband contamination will be a serious issue for these sources.  Fortunately, protostellar disks, even the closest ones such as TW Hya at ~60 pc distance, will fit within an ALMA primary beam at this frequency.  The sidebands may be separated interferometrically.  However, disks are frequently embedded in larger molecular clouds and single dish observations will be required for scientific analysis.  Clearly, improved receiver sensitivity would enhance ALMA’s ability to image these regions, and in particular to provide polarization data on them

The third highest level science goal requires: The ability to provide precise images at an angular resolution of 0.1". Here the term precise image means accurately representing the sky brightness at all points where the brightness is greater than 0.1% of the peak image brightness. This requirement applies to all sources visible to ALMA that transit at an elevation greater than 20 degrees.  Annex B proceeds to state: The requirement for high fidelity imaging constrains the number of antennas in the array, since a sufficient number of baselines to cover adequately the uv plane (i.e., the time/frequency domain plane in which the data are sampled) is required.  Detailed studies of the imaging performance of aperture synthesis arrays have shown that the requisite imaging performance implies a minimum number of antennas, 40 or above, and accurate measurements of the shortest baselines, as well as of the large scale emission measured by total power from the antennas. Thus quantitative imaging of flux on all spatial scales is required.  This requires proper assignment of flux in single-dish images  to the correct sideband on all appropriate scales.  In the top-level summary to this CRE, it is stated: 

“Single-dish observations 
Calibration: perform a short interferometric scan to measure the sideband ratio. Image-band ghosts: Acquire the image band during the single-dish observation, subtract contribution to the signal band using the known sideband ratio. The quality of the data will be better using this procedure with a receiver having, e.g., -8dB image gain than observing directly with a spec-compliant receiver having an unknown sideband ratio in the range.  -10dB ≥GIM  ≥ −∞dB.”

This statement is fallacious.  The lines measured with the interferometer will not have 

the same spatial frequencies as those measured with the singledish, and their intensities may vary by large factors for short spatial frequencies.  For example, see spectra shown are for the same spectral passband containing the CH3CN line at 3mm, observed with BIMA (which has very good low spatial frequency response) and with the NRAO 12m (twice the diameter of the BIMA antennas).  It is immediately apparent that one could not difference these spectra and do quantitative science with the result which is consistent with the third top-level science requirement.

[image: image1.jpg]Intensity (TA)

50.0

47.5

45.0

42.5

40.0

37.5

35.0

©
8
o

©

»
o

N
&

N
8
o

»

o

&

12.5

10.0

7.5

5.0

25

0.0

-25

SgrB2N - +64 km/s (12m)

110,250 110,300 110,350 110,400 110,450
Frequency (MHz)




[image: image2.jpg]Intensity (TA)

15

14

13

12

11

10

SgrB2N - +64 km/s (BIMA)

110,250 110,300 110,350 110,400 110,450
Frequency (MHz)




The second tier of science requirements are those which are listed in ALMA Project Plan v2.0
(ALMA-10.04.00.00-001-A-PLA) and are also cited in the Science Requirements document.

1. Image the redshifted dust continuum emission from evolving galaxies at epochs of formation as early as z=10;

2. Trace through molecular and atomic spectroscopic observations the chemical composition of star-forming gas in galaxies throughout the history of the Universe;

3. Reveal the kinematics of obscured galactic nuclei and Quasi-Stellar Objects on spatial scales smaller than 300 light;

4. Image gas rich, heavily obscured regions that are spawning protostars, protoplanets and pre-planetary disks;

5. Reveal the crucial isotopic and chemical gradients within circumstellar shells that reflect the chronology of invisible stellar nuclear processing;

6. Obtain unobscured, sub-arcsecond images of cometary nuclei, hundreds of asteroids, Centaurs, and Kuiper Belt Objects in the solar system along with images of the planets and their satellites;

7. Image solar active regions and investigate the physics of particle acceleration on the surface of the sun.

Approval of this CRE would affect the quantitative analysis of items 2, 4, 5 and 6 in this list.

Finally, the The ALMA Design Reference Science Plan (DRSP) SCID-90.00.00.00-002-A-PLA provides a prototype suite of high-priority ALMA projects that could be carried out in ~3--4 years of full ALMA operations.  The DRSP serves as a quantitative reference for developing the science operations plan, for performing imaging simulations, for software design, and for other applications within the ALMA project.  

Band 7 receives the highest use in the DRSP, with 37% of overall time requested.  Highest demand is for star formation and solar system targets, objects which possess the richest low spatial frequency content.  This is reasonably consistent with the weather statistics.  Singledish data are requested for 25% of the proposals; supporting ACA data are requested for a further 25% of proposals.  

We conclude that combination of singledish and interferometric data with different and unknown levels of relative spatial frequency content jeopardizes ALMA science at all levels, from the highest level science goal to those of a large fraction of individual science projects.  Our analysis continues.

For the bands equipped with DSB frontends, the IF bandwidth is 16 GHz, including both sidebands.  The requirement is that 16 GHz of data be provided to the user who requests it.  For B9, for example, this is easily met by providing two polarizations of 8 GHz bandwidth.  The other sideband can be suppressed interferometrically, as is normal.  For singledish observations, the Local Oscillators (LO1 and LO2) sill be swept so as to smear the unwanted sideband’s power equally over the window.  The interferometric calibration will allow an estimation of the approximate signal strength in the unwanted sideband, and of the additional noise power presented by the smearing technique.  This procedure could also be applied to B6.  However, it cannot be applied to B7 as it destroys the data content of the unwanted sideband, and that data content is necessary for supplying the observer with 16 GHz of data.  The only alternative for B7 is to supply adequate sideband suppression.  

The proposal is to relax the sideband suppression requirements for B7 from -10dB to at least -8dB, with -7dB allowed in 10% of the frequency span of any IF band.  Clearly this relaxation will have a science cost, which the Science IPT is evaluating.
