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ABSTRACT. For the first time since more than 10 years, thestelpe is equipped again with a line
receiver for the 0.8 mm window (the dual polarization ban@&8f EMIR). At 340 GHz, the HPBW i%.5"”
and the aperture efficiency is 29%. These values hold neamptimaium elevation of about 50 deg. At lower
and at higher elevations, the beam broadens and becomatysdiliptical. The aperture efficiency degrades
significantly at 30 deg elevation. We observed a degradatitime lateral focus at low elevations, when the
dish was illuminated by the sun. Observations of the gaivegilens dependence at night time are pending.
The total surface rms is estimated toteum, at the optimum elevation, using also E1 data and the Ruze
formula.

The forward efficiency is 81%, measured with the porexpatexeiadome in place. It increases to 86%
when the radome is removed. This 6% improvement is consigtigin direct measurements of the radome
transmission.

Lunar edge scans show the known diffraction ring beleibs dB, explained by panel buckling. The
alignment between E1 and E3 is about”. The focus difference between E1 and E3 is 0.21 mm.

Band 4 has been successfully tuned over most of the frequangge between 260 and 351 GHz. Two
small frequency intervals below 350 GHz, show instabditi€he present Local Oscillator does not allow to
reach higher frequencies. The vertical polarisation shewsich higher noise than the horizontal polarisa-
tion, as seen in continuum observations.



Here, we summarize the commissiong results of band 4 of EMIRedRAM 30m telescope, conducted
in winter 2009/10. The local oscillator installed with EMf& band 4 in April 2009, did not have sufficient
power above 330 GHz and other problems. On November, 1709,20 new and more powerful local
oscillator for band 4 was installed, allowing to finish E3 coissioning.

E3 has been used for regular observations since the stae afinter semester 2009/2010 on December,
1st, 2009, without encountering any specific problems.

1 Receiver Tuning

Sky frequencies between 260 GHz upto 351 GHz were tuned.gdifjhquencies can, at present, not be
reached.

At 330 GHz LO frequency+£0.6 GHz) the LO cannot be locked. At 339 GHz LO frequengy (5 GHz)
the tuning is instable. This instability is an intermittggroblem, changing from one day to the next for
unknown reasons! The observer may avoid problems at thedeelg@encies, by changing the sideband of
interest.

Source: Mars Scan: 48 Telescope: IRAM 30m Date: 2010-02—-02T03:11
Frontend: E300HUI Backend: CONT/3 Rest Frequency = 340 GHz
Azimuth = 261.9° old Az corr = =2.7" new Az corr = —3.2"
Elevation = 49.2° old EI corr = 11" new El corr = 10.4"
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Figure 1: Mars pointing scan at 340 GHz, near the optimumediew, observed on 02-Feb-2010.

2 Continuum observations

2.1 Telescope beam widths and efficiencies

Figure 1 shows the result of a cross scan on Mars taken at ghigrfioam” elevation o49° on 02-Feb-2010.
Deviations from a Gaussian beam are hardly discernablbaedintear plotting scale,

In the following, we show the results of observations takeMNovember, 23./24., 2009, under excellent
weather conditions of an amount of precipitable water vdpew) of 1 mm.

All observations described in this report, were taken whth vertex porexpan membrane in place, as
this is the standard setting for all observations. In sa@i@, we describe tests without membrane.
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Figure 2: Atmospheric transmission near 340 GHz.

Table 1 shows the derived forward efficiency at 340 GHz. Thisie is based on 11 skydips. For the
mean atmospheric temperature, the CLASS header informé&tion the chopper wheel calibration was
used.

Table 1: Telescope half power beam width and forward, maantheand aperture efficiencies. Here, we
assume a Gaussian beam dg = 1.21 A.g (Baars 2007).

Frequency HPBW & Besr At Date
GHz] ["] [%] [%] [%]
340 75 81+1 354+2 2942 23./24.-Nov-09 (JP)

Table 1 also shows the aperture efficiency and half power bewth (HPBW), derived from Mars
observations on 24-Nov-2009 near the optimum elevation @f°. Mars had a diameter &3”. The new
atmospheric model ATM09 was used for the calibration. letakito account the atmospheric line in the
image band near 325 GHz (Fig. 2).



Source: Mars Scan: 128 Telescope: IRAM 30m Date: 2009-11-24 Source: Mars Scan: 128 Telescope: IRAM 30m Date: 2009—-11-24
Frontend: E300HUI Backend: CONT/3 Frontend: E150HLI Backend: CONT/1
Azimuth = 269.8° Elevation = 31.7° Azimuth = 269.8° Elevation = 31.7°
Current focus: sfcy = +0 mm Current focus: sfcy = +0 mm
Focus offset: A = —2.12 mm Focus offset: A = —-1.95 mm
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Figure 3: Focus scan on Mars in Y-direction, takefilgt elevations,
Left: Scan at 340 GHz. Right: Scan at 145 GHz.

Source: K3—50A Scan: 159 Telescope: IRAM 30m Date: 2009-11-24
Frontend: E230HLI Backend: CONT/3
Azimuth = 263.5° Elevation = 73.7°
Current focus: sfcy = +0 mm
Focus offset: A = —0.02 mm
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in the morning hours of 24-Nov-2009.

Figure 4: A y-focus scan at 70 degree elevation with E2, takehe afternoon of 24-Nov-2009, shows no

offset.

2.2 Lateral focus

Lateral focus scans were conducted, just before the eftigisreasurements at 30 deg elevation (Figs. 3,4).
These scans show a focus offset at 340 and 145 GHz at low ielesatvhile there is no offset at high
elevations. The offsets were not corrected for. These fgwdindicate that the lateral focus is not stable and
changes with sun angle, or elevations. At the efficiency masens were not corrected for lateral focus
offsets, the gain-elevation curves which are discussemhbate affected. Lateral focus scans are usually not
conducted by the observers, as these very sensitive okisas/aeed especially stable weather conditions,

and a strong source. This of course relies on the assump@bthe lateral focus does not change.




Measurements on Mars on 24-Nov-2009. Used ATM 2009
(E1 at 145 GHz, E3 at 340 GHz, pwv < 1mm, Mars disk size 9.4")
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Figure 5: Variation of the aperture efficiencies with eleMatat 145 GHz and at 340 GHz, observed on 24-
Nov-2009, together with fitted gain-elevation curves. Theres at 86, 210, 280 GHz are extrapolated from
the fit of the surface accuracy shown in Figure 7. All valueseHazeen normalized to the fitted peak aperture
efficiency A.¢ at 49 deg elevation.

2.3 Gain elevation curve: efficiencies

Figure 5 shows the variation of the aperture efficiency wigvagion, betwee28° and60°.

Note that the gain-elevation curve peaks n&#r elevation, as previously noted, though the telescope
had been adjusted #3° using the Intelsat satellite (Greve, priv. com.).

At 340 GHz and 30 deg elevation, the fitted curve shows a drdpeoéperture efficiency to 68% of the
optimum value. The drop is stronger than expected from thasorements done on 31-Aug-2007 (Fig. 6,
which indicated a drop to only 83%. These results should epewed with the results of finite element
(FE) calculations of the backstructure (BUS), which areutjfu to be accurate to within 15% (Greve, priv.
comm.).

One possible explanation is an observed degradation ofatbeal focus (Fig. 3), possibly caused by
the sun, as the low elevations were observed during sunTisesun may also have led to the observed
broadening of the beam (see further below).

Figure 7 shows the surface rms derived from the apertureesfties observed at 145 GHz with E1 and
at 340 GHz with E3, using the Ruze formula. The total rms neaoptimum elevation i64 xm. Within the
errors, this compares well with the) um surface rms derived on 31-Aug-2007, from observation$at 8
145, 210, and 260 GHz.

Using the fitted rms value with the Ruze formula, the apergffigiency at zero frequency can be
derived, for the different elevations (Fig. 8). Surpridingt is not constant but variies almost monotously
between 63% and 68%. This may be another indication of a ahgufateral focus.



30M Gain Elevation Curve extracted from the antenna rms
in the Elevation range 20° to 70°. 31-Aug-2007
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Figure 6: For comparison, gain elevation curves at 86, 148, 260 GHz, fitted to the observations of
31-Aug-2007, and extrapolated to 345 GHz.

Measurements on Mars on 24-Nov-2009. Used ATM 2009
(E1 at 145 GHz, E3 at 340 GHz, pwv < 1mm, Mars disk size 9.4")
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Figure 7: Surface accuracy derived from the Ruze formultam the 2 mm and 0.9 mm data of 24-Nov-2009.
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Measurements on Mars on 24-Nov-2009. Used ATM 2009
(E1 at 145 GHz, E3 at 340 GHz, pwv < 1mm, Mars disk size 9.4")
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Figure 8:A.g o, at zero frequency, derived from the Ruze formula, vs. ¢leva



Measurements on Mars on 24-Nov-2009. Used ATM 2009
(E1 at 145 GHz, E3 at 340 GHz, pwv < 1mm, Mars disk size 9.4")
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Figure 9: Half power beam width (HPBW) at 340 GHz for both piskations vs. elevation. We find a broad-
ening of the beam at low elevations.

Measurements on Mars on 24-Nov-2009. Used ATM 2009
(E1 at 145 GHz, E3 at 340 GHz, pwv < 1mm, Mars disk size 9.4")
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Figure 10: Ellipticity of the beam at 340 GHz vs. elevatiort. I&w and at high elevations, the beam is
slightly elliptical.

2.4 Half power beam widths

Figure 9 show the variation of the beam width with elevatidfe find a broadening of the beam at low
elevations, fromv 7’ near the optimum elevation to 10” at30° elevation.

The ratio of beam widths measured at Azimuth and Elevatimbeam ellipticity, is shown in Figure 10.
The vertical polariation is much more noisy than the horiabpolarisation, as discussed further below.
There is a slight increase of the ellipticity, from circu{drO) near the optimum elevation t010% (1.1) at
30° elevation.



Error Beam measurements on Moon at 340 GHz, scan in Az moving positive. 2-Feb-2010
Four pointing 3900 /tOtf 130 /tph 0.1. Averaging four V with four H subscans
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Figure 11: Moon scan at 340 GHz.

340 GHz Composite Beam from Moon scans at elev. = 49 deg. Azimuth&Elevation. 2-Feb-2010
(four pointing scans 3900 /tOtf 130 /tph 0.1, averaging. four V pol. with four H pol. subscans)
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Figure 12: Differentiated Moon limb scan at 340 GHz.

2.5 Errorbeams

Lunar edge observations were conducted in 02-Feb-2010XEjgonly three days after full moon, under
very good weather conditions (pwv=1.2 mm), during the nigme hours 2:00 to 5:00. Cross scans of
3900” length were conducted at 86, 145, 210, 280, and at 340 GHb@¥00201.0dt). Composite beams
are constructed by differentiating these total power scansa the lunar edge. Note that these are not exactly
the beam profiles.

Figure 12 shows the differentiated lunar profile (the "cosifmobeam”) at 340 GHz. It shows the main
beam, errorbeams, and the diffraction rings. The sidelobdse primary dish are expected next to the main
beam, but are not seen, as they are not resolved. The righbsithe composite beam is affected by the
structure of the lunar surface, about 3 days after full maml, should be ignored.



Normali. Gain & Tilt. 2007
Source Mars (12"). Antenna Elevation 63 to 77 deg. Data no deconvolved
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Figure 13: Normalized axial gain vs. wobbler throw, for O degpbler rotation

Near100”, a diffraction ring shows-up, staying belowl5 dB. This is due to panel buckling, a transient
effect, as described in a recent paper by Greve et al. (2010).

A more gquantitative analysis, listing the power of the dse@ms, is in preparation. Note that polarisation
affects the Moon emission at the limb and extends over a megficseveral tens arcseconds (Thum et al.
2003). This effect was not taken into account here.

2.6  Wobbler throw

The loss of axial gain with wobbler throw is shown in Figure t3hows antenna temperatures measured on
Mars in 2007, for the three lower wavelength bands. Obsengivith E3, are yet missing. See also Greve

et al. 1996.
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Skytips measurements. 27-Mar-2010
(scans 122 to 124 with porexpan radome, scan 128 to 134 without radome}
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Figure 14: Improvement of forward efficiencies derived vétid without the vertex membrane in place.

2.7 Membrane losses

The Vertex porexpan radome has an insertion loss of 7.3%0sG8#%, as measured on 16-Feb-2010.

Skydips obtained with and without membrane, confirm this.Ié®rward efficiencies determined from
skydips on 27-Mar-2010, show an improvement by 6% from 81868 at 340 GHz, when not using the
membrane (Fig. 14). Note that the horizontal polarisattoows slightly higher forward efficiencies than the
vertical polarisation. This effect had not been observear@vious measurements done on 24-Nov-2009.

The absorption by the vertex membrane, cannot lead to aedserof receiver temperature, as this is
measured with hot & cold loads inside the cabin. The absargiy the membrane, does lead to an increase
of the measured sky and system temperature. This leads meerase of the forward efficiency.

However, this loss does not affect the antenna temperaturé®e aperture or main beam efficiencies,
as these are differential measurements. Formally, thegimhsfficiencyF.¢ cancels out when deriving the
aperture efficiencyl.g from the peak antenna temperatdrg (delivered by odp/mira):

The relation betweeft”; and the aperture efficiency is:

T — SpbAeff
Fog 2k

with the flux per beans,;,. And T’} is calculated (by odp/mira) via:

(Con - Coff )
(Chot - Coff )

(1+ Gim)
(Feff x exp(—7 % A))

le = X (Thot — Teo1q)
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Misalignment E3(340 GHz) - E1(145 GHz). Measured on Mars (9.4"). 24-Nov-2009

average misalignment [E3 - E1] = 0.32" +- 0.19"

diff. offsets Az and EI (")
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[—+—dAz(E3) dAz(E1) —=— dEI(E3) dEI(E1) —&—total misalignment |E3-E1|]

Figure 15: Alignment between E3 and E1, vs. elevations. Wwe/-scale, which is=1 arcsec only.

2.8 Alignment with E1

Figure 15 shows the alignment between E1 and E3 for diffeztvations, as observed on Mars, 24-Nov-
2009. The average alignment and rms are excelledt+ 0.2”. This confirms the previous measurement,
done on 29-Oct-2009, which had resulted)ifi5” + 0.25”.

2.9 Focus differences

The focus difference between E1 and E3 is:
focus(E3) = focus(E1) - 0.21 mat 0.02 mm,
from six good quality focus scans on Mars on 24-Nov-09.
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Source: Mars Scan: 94 Telescope: IRAM 30m Date: 2009—11-24707:47 Source: Mars Scan: 94 Telescope: IRAM 30m Date: 2009—11-24T07:47
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Figure 16: Left: Mars data taken with the Vertical polarisatin total power mode, showing excess noise,
and negative spikes. Right: Mars data taken with the Hot&égolarisation in total power mode, showing
much less noise than the Vertical polarisation shown abouédaken simultaneously. Note the negative and
positive spikes, but note also that this is one of the woratges, concerning the spikes.

2.10 Noise

The noise of the Vertical polarisation is higher than for Hharizontal polarisation (Fig. 16). Continuum
total power observations occasionally show jumps, in bolanzations simultaneously.

Continuum data also shows negative spikes, showing up sinegdusly in both polarisations (Fig. 16),
and ocassionally, weaker, positive spikes. The spike keisgt00 msec or less.

3 Spectroscopic observations

Observations of two Galactic massive star forming regi@RZ1, W51D) were carried out at 270, 280,
290, 300, 310, 320, 330, 345 GHz (BO, 20-Nov-09), partly ursdteellent weather conditions. Observations
were conducted switching with the wobbler, in frequency] enposition. The backends WILMA, 4 MHz,
and VESPA were used. Observations were done with E1 tune& -2 in parallel to E3.

o All wobbler switched spectra have been viewed and they desmat obvious problems, in particular
no line shifts or indications for spurious spikes (paragite

e Spectral lines have been identified using a new line catalogged by P. Schilke (Fig. 17).

e Spectra of both polarisations do not show any significardedifice in noise. This was checked be-
tween 310 and 270 GHz.

e Receiver temperatures measured with the 4 MHz backend,tafteg by the operators, vary rather
smoothly between 140-120 K at 345 GHz and 80K at 270 GHz.
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Figure 17: 4 GHz wide spectrum centered on 290 GHz, taken ohD)&sing E3 and the 4MHz backend,

wobbler switching.

e Greve, Baars, Penalver, leFloch 1996, Radio Science, “fdeas active optics: an inexpensive method

to improve milllimeter-wavelength radio telescopes”, 3053

e Greve etal. 2010, IEEE, “The Beam Pattern of Reflector Arasmwith Buckled Rectangular Panels”

e Thum et al. 2003, “Versatile IF polarimeter at the IRAM 30rteseope”, Polarimetry in Astronomy.

Edited by Silvano Fineschi . Proceedings of the SPIE, 4843, 2

For a list of calibration related 30m papers and techniqabmte please visit
http://ww. iram es/| RAVES/ mai nW ki / Cal i brati onPapers.
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