Minutes of the 26/11/2010 NIKA meeting

S.Leclercq

Participants: ABe, ABi, AM, CH, NB (Neel) / FXD (IPAG (ex LAOG)) / JMP (LPSC) / ABa, AE, SY (SRON) / AS, CK, HU, KS, MR, RZ, SL (IRAM)

Summary: 

The 2nd run of NIKA at the 30m telescope, from October 16 to 26, has been a success. 

AM, FXD, and AB presented various outcomes of the run. The main messages from their slides are:

· AM: Flat noise spectra, parasitic features on time traces (main ones suspected to be related to magnetic field), and sensitivity estimations based on Mars observations ~30 mJy((s for the 2mm array, and ~190 mJy((s for the 1mm array (compatible with pre-run lab tests). 

· FXD: Calibration methodology and outcome, detailed overview of the data processing currently in progress. The preliminary results show the NEFDs seem to reach a lower plateau compatible with the estimations based on Mars. Improved data reductions foreseen for early 2011.

· ABe: Necessary evolution of NIKA (better sensitivity for the 1mm array, magnetic shield, and continuous frequency measurements for improved photometric capacities), and possible evolutions foreseen (cryostat, optics, electronics, polarization and number of pixels).

Remark: The text in italic inserted in the transcription below was not discussed in the meeting, it is added here as comments to clarify some points or answers to questions raised during the meeting. The text in bold characters helps to catch the main items of the meeting without reading everything.

Minutes of the meeting 

KS: Congratulation to the collaborators for this successful run. Note however that this run has to be considered as the last “engineering run”; a certain number of organizational elements must be improved for a future science grade quality run (starting with the collaboration during the run preparation phase, (special message to SRON)).

Alessandro Monfardini presentation: “IRAM_26Nov2010.ppt” 

- Noise spectra: can be considered as encouragingly flat, stable and homogeneous.

- Square wave function parasitic signal with a period of ~50 seconds: huge (100Hz high steps in frequency response for <10Hz detector noise), and appeared randomly for few hours a day. Easy to filter out, but it would be better to identify the source. Currently nobody has any possible explanation.

- The use of the chopper during EMIR observations created a significant noise increase on the NIKA time traces. The noise increase it not at the frequency of the chopper (microphonics ? EM coupling ?)

- Bunches of spikes appeared randomly on the data, though more often when moving the telescope in azimuth. Main hypothesis: reconfiguration of magnetic trapping sites on the superconducting pixels. The hypothesis is enforced by an experiment conducted during the run: few 10s of mA injected in a wire warped around the cryostat were sufficient to create a significant response on the detectors. Solution: a much more efficient magnetic screening is necessary (more -metal and addition of a new cold box in lead), and the labs tests of the sensitivity to external magnetic field must be improved.

- Pixel performances tested in lab with the sky simulator: the increased NEP on the last pixels is due to the limited bandwidth of the electronics, which decreases the power in the tones of the last pixels. This will disappear in the future.  

- Spectral response: the figure should be completed superposing the spectral response currently shown with the expected band-pass profile, which will show problems of missing bandwidth, in particular on the high frequency side of the 1mm band. An investigation has to be conducted: is this coming from the antennas of from the filters ? 

ABa: Si micro-lenses create standing waves, hence reflections, causing 8dB ripples cutting the bandwidth (seen in Microwave Studio simulations). An antireflection coating should significantly reduce the problem.

- Plans for 2011: Peter Ade said AIG Cardiff should be able to make 45 degrees angle dichroic for a specific application, the high angle coming with a leakage penalty from one channel to the other. However the use of pass-band filters after the dichroic will cancel the leaking component. Neel thinks it will certainly be necessary to show dual polarization pixels to motivate PA’s team to develop this particular dichroic.

- Concerning the spikes that were seen in EMIR only when NIKA was at the 30m telescope. The next time NIKA comes at the telescope it will be possible to remotely shut down all the electronics of NIKA in order to investigate these effects. Note that during the last run some test were done shutting down some electronics and changing the generators frequencies, but NIKA was not completely shut down.

François-Xavier Desert presentation: “IRAMnika2_FXD_meeting_20101126Final.pdf” 

- Concerning the scans and pixels statistics: 2 days before the end of the run the excitation frequencies of the 1mm array were changed in order to use different pixels (the number of pixels available was limited by the electronics). Beside this change the pixel count and other characteristics were stable throughout the run (at the exception of the tuning, which was changed accordingly to the evolution of the background, and consequently the central impedance varied also but without affecting the characteristics of the measurements).

- Calibration: Only the response in frequency (RF) of the pixels was used, giving much better results than in the 1st run that used a combination of the responses in frequency and in amplitude. (Additional explanatory detail from SL: my understanding is that the great improvement is the determination of the position of the calibration circle in the complex plane, then translate the origin of the coordinates at the centre of this circle to look at the phase changes when the signal is measured, whereas in the past there was not coordinates translation hence giving much smaller variations relatively to the distance from the origin).

- Gains for array B (2mm band) ( see comments above of AM presentation.

- Focal plane geometry: offset, rotation, and scaling with respect to the pointing model chosen in PaKo, assuming a regular pixel grid (no distortion). SL will look in Zemax the prediction for the distortion grid due to the optics. 

Result of Zemax analysis:
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Figure 1: Grid distortion from the Zemax simulation of NIKA2. The intersections of the lines of the black regular grid represent the predicted position of chief rays (rays from a given field passing through the centre of the pupil) without distortion, the angular size of this grid is 0.0308(0.0308 degrees2 = 1.81(1.81 arcminutes2 (2.61 arc minutes for the diagonal); the black crosses are the real positions of the same chief rays given by the ray tracing; the dimension of the green circle on the instrument image plane is 38.2 mm in diameter, and it indicates the radial position at which the 2.61 arc minutes FOV rays hit the image plane;  the red squares represent the border pixels and a diagonal of the 2mm array (12(12 pixels with 2.25mm pitch, hence 38.2mm for the diagonal); the blue circle has an angular diameter of 2.23 arc minutes, it represent the zone of the unvignetted image (beyond this zone the percentage of unvignetted rays drops rapidly from 90% to 40% @ 2.61’). On the left size of the plot is written the pixel-centre to pixel-centre physical and angular dimensions of the array, on the right side is written the dimensions of one pixel.

The Zemax analysis shows the grid distortion is theoretically not negligible, so the image reconstruction analysis would benefit a lot from the determination of the real exact pixel map. Note that the projection of the pixels in the sky has the inverse form of the black crosses grid (regular sky grid has a pincushion distortion on the detector plane ( regular detector grid has a barrel distortion when projected in the sky).  

The time was missing to do the exact pixel map for the NIKA2 run. It would be interesting to produce a pixel map deduced from observations on Mars, including error bars. 

A full pointing solution was not done during this run, which is a weakness. Indeed, beside an indication from the Zemax simulation it will be impossible to determine the exact causes of the possible distortion grid that will be produced, because drifts of the pointing during the observation can also create some distortion on the pixel map. This additional distortion varies with time, hence the necessity to perform  pointing sessions regularly in order to get high quality observations.

- For the data analysis, FXD didn’t use yet the full IMBFITS pointing given by IRAM, but a simpler quicker solution based on interpolations.

- …

- Noise components. There were periods occurring irregularly with a high number of glitches, and longer periods with much less glitches. The hypothesis is that the bunches of glitches are due to magnetic field effects: magnetic trapping sites reaching a threshold where they are reconfigured. 
- In the first days there was maybe a correlation between the number of jumps and the elevation, but this was not quantified and it doesn’t appear on data reduced by FXD.

RZ: is there a correlation of glitches with elevation ? FXD will have a look. Same question with scanning speed.

For the current version of the data processing the jumps are just masked, so not decorrelated yet.

- Dispersion of flux. Why is the dispersion larger than the error bars on the fluxes ? 

( Calibration gain not linear ( frequency not proportional to power (this explanation looks a bit cryptic to me, not sure I transcribed correctly what was said).

- Noise performances. The sources create their own photon noise ( For strong fluxes (> several 10s mJy) the NEFD is dominated by the sources, at intermediate fluxes the sky noise start to be significant. After decorrelation a plateau is reached at lower fluxes; minimum calculated so far 330 mJy((s for the 1mm array, 29 mJy((s for the 2mm array. This is the level were the detector noise dominates.

RZ: the sky noise contains a correlated component, removable, but also an uncorrelated component, so one can never reach exactly the detector value on sky.

- Concerning the FITS files format: FXD will provide more scans to RZ and AS, with more complete explanations (e.g. definition of I and Q…)

Alain Benoit presentation: “10_11_NIKA.pdf” 

- List of improvements needed to return to the telescope. Add “a better band-pass”, not only in terms of photons (filters, and pixels), but also in terms of electronics (reference to the pixels with increased NEP due to missing power in the excitation tones, see MF presentation)

- Pulse tube cryostat: The time needed to cool it down is roughly estimated to 2 days. Various places are possible for the compressors, even 15meters below the receiver cabin in the spiral “cable-holder” room. The efficiency parameter for the tubes is the product of length ( diameter.

- Future evolution. Software: distinguish the quick look at the telescope, and the offline data analysis.

Discussion

- Future run. KS informed on the need for a real science goal (e.g. 1 or 2 science grade sources); this is necessary for us to able to “sell” the instrument to the community.

- Electronics:

We need to follow better the resonances ( need for a frequency lock.

~500 pixels per amplifier is a maximum for the electronics (otherwise the bandwidth will be too big…).

SRON is currently developing a 1.2 GHz, 200 pixels electronic ( noise characterization in January (FFTS boards, 1bit per tone).

AM: the day we are photon noise limited we need more than 8 bits, 12 bits would be good. We need sensitivity AND dynamic ( high number of bits.

- Pixel size: what is the optimum ? In terms of image resolution and photometry for background limited detectors 0.5F is the optimum. In terms of cost and mapping speed compromise with a limited number of pixels, bigger pixels up to 1F may be interesting. As references for the discussion, see for example the articles “G. Berstein, Advanced ExposureTime Calculations […], PASP 114:98-11, 2002”, or “W. Holland and W. Duncan, Bolometers for submillimeter and millimeter astronomy, ASP Conf. Ser. Vol. 278-463, 2002”. Note that for his plots, Bernstein ignores overheads, read noise, and sky noise, which may affect strongly pixels bigger than 0.5F.

So for ground based instruments, background-limited pixels as close as possible from the 0.5F size is a natural optimal goal, all the more interesting for a technology where the microfabrication cost per pixel is lower than other technologies, such is the case for KIDs. However, for practical and financial reasons, we can keep bigger pixels for the prototype phase, which is furthermore interesting that as long as the pixel noise is dominant, the optimal size stands between 0.5F and 1F, because bigger pixels get more photons, hence a lower ratio of pixel noise versus background noise. ( Keep ~0.7F pixels for the near future, we’ll go down to 0.5F latter.  

- Microfabrication: which size of wafer do we need ? With NIKA2 we already reached the limit of the 2 inches wafers. For the prototype phase it should be sufficient to use 3 inches wafers. However for the instrument it will be necessary to used bigger wafers, at least 4 inches. 

Neel would like to test Al depositions on 4 inches wafers in a near future.

For TiN we don’t have the adequate equipment, so we’ll stay with 2 inches wafers for now.

- Telescope data stream. AB would like to include more information in the Elvin chains (like the source name, the PaKo command sent, etc.). HU is currently writing a document about the Elvin broadcast; it should be ready in few weeks. AB will send to HU the list of the items he would like to include in the data stream.

- Spikes seen in EMIR data while NIKA was in the receiver cabin. CK asked if it would make sense to do lab tests at Neel as soon as possible in order to try to get information on these spikes that would help IRAM with EMIR ? Because of the difference between the two environments (lab vs cabin) there a high probability that these test won’t be conclusive. 

However in order to investigate these kind of problems, Neel will implement a function in the control software to shutdown entirely NIKA (which was not the case for the done in the cabin when we tried to investigate this problem).

- Calibration procedure. Pointing, focus and skydips were done only seldom times per day. This is OK for now, but for the next run it will be necessary to do these calibration procedure much more often if we want data with a science grade quality.

- Do we need an absolute calibration in the cabin ? For example a sky simulator, or a led in the cryostat ? AB: this may not be necessary, but this is an open question about the quality of the instrument…

Addendum:

The minutes of this meeting, the presentations, and related documents are available on the net at the address:

http://www.iram.fr/~leclercq/NIKA/NikaPage.html
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