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ABSTRACT.

Here, we report on the results and status of the astronomicamissioning in the period 16-April till
28-April 2015.

The new optics was checked on the sky using EMIR under maalgmgbod and stable weather condi-
tions. Two pointing sessions resulted in an all-sky rms sé har2”. Nasmyth offsets of both EMIR beams
hardly changed. FWHMs compare well with the values knowmftbe old optics. Peak temperatures and
widths measured with the Chopper compare very well with Vitabbbservations, i.e. no indications of
beam truncation were found for neither of the EMIR beams. e=d forward efficiencies derived from
skydips are slightly lower than expected, especially at 1 f@atondary calibrators observed during night
time are consistent with previous observations within thgeeted scatter, also at 1 mm. Mars was only
available during day-time and at 10-40 deg from the sun. #yperefficiencies and Jy/K conversion factors
were also derived and agree within 5% with the previous \&alliee beam efficiencies agree within 8% with
the previous values. Ceres was detected with EO/E2 and B&Cjaét 4 minutes of integration time, also
using the new continuum observing mode onoff. Flux at 1 mmlg ©2% off from the value predicted for
this date. Axial and lateral focus values are in the usuaeabserved with the old optics. Pointing changes
with z-focus, stronger than with the old optics (factor 4R the alignment team we know that the laser
spot on the subreflector performs a “dance”®y cm when doing a full sweep in elevation between 0 and
90 degrees. Polarimetry with EMIR and VESPA was succegstidmmissioned for point sources. Side-
lobes still have to be mapped. Since the evening of 22-ABM)R has been used again for science grade
observations of regular projects, including polarimetirpaint sources.

In June, we plan to observe Uranus before sun-rise, to ciecyain-elevation curve. In addition, more
skydip observations are planned.

HERA commissioning was attempted in the period 24-Aptil28-April. However, weather improved
only on 27-April, when we could finally start serious testiet all went well (see below). The de-rotator
is well aligned. There is a systematic pointing offset bemvelERA and EMIR of about3”, indicating a
Nasmyth offset, which is confirmed by a pointing session. hbéam efficiency at 230 GHz agrees within
5% with the expected value. On the other hand, the forwardiefity at 1 mm is 10% lower than the value
obtained with the old optics. We need to repeat these maasmnis and we still need to conduct at good
pointing session to measure and confirm the Nasmyth offsets.
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1 Commissioning

1.1 Pre-commissioning status

The optical alignment of EMIR finished on 16-April, when th&tranomical commissioning started. The
alignment team reported that the laser alignment went vetiyamd that there are only few potential issues:

¢ It had been found that the chopper blade covers the centaal be@ M4 only to about the beam waist.
Subsequent commissioning (see below) did however not shgvindications that any of the EMIR
beams are affected.

e The laser spot on the subreflector (coming from M4) is shjftin “dancing” slightly when moving
in elevation. At zero degree elevation the laser wa3cm on the low-right side of the center of the
scatter cone at the center of the secondary. Between 8 &tdlegrees it doesn’t move, then between
30 and~ 50 and 60 degrees its moves passing at the center of the conesttti®lizing at~ 3 cm on
the up-left side of the center of the cone. Between 60 and @®ds it doesn’'t move anymore. (SL,
22-April) With the old optics, the laser spot also showed arfck” of a few cm. (SN, 5-May)

e The calibration tray of EMIR, which includes a mirror for BY, had to be dismounted during the
installation and was remounted. EO/E1 alignment was ssfulschecked during commissioning —
see below.

e Any small variation between the inclinations of the positaf the new M4 mount and the horizontal
bar to which the new M3 mount is now attached, has been mexituring the past months (Fig.15).
After installation of the new optics, the relative incliftaits changed, but quickly stabilized at a new
value.

The jump seen in Figure 15, after installation of the new nigurorresponds to a small deformation
of the horizontal steel bar supporting the new M3. The maiiordeation toward the vertex means
a rotation of the bar in that direction due to the new weightod the inclination parallel to the
elevation axis, it remains to be seen if the previous drifigeaof aboutt0” (mainly due to weather
changes) still continues or now, with the extra load, it isenstabilized as by the moment seems to
be the case.

That the deformation concerns only to the inclinometerekmsM3 is confirmed with the Figure of
the inclinometers during the days of the installation of Mi#laM4. Those days the antenna stayed
at the stow position, which made it possible to see the jumping longer periods of time, when
the antenna is moving in azimuth, the amplitude of the meakinclination is bigger due to the
inclination of the antenna azimuth axis.



1.2 EMIR

During commissioning the following EMIR band combinationere observed: EO/E1, EO/E2, E1/E3. All
observations were conducted with BBC and partially alstnWBC. Observations were done on primary
calibrators Mars, Uranus, Neptune (which unfortunately anly available during the morning daylight
hours), on secondary calibrators K3-50A, NGC7027, NGC798BOH (which are available during night-
time), and on quasars. Spectral line observations were ettenmecessary and were not done.

Weather conditions for 17-April till 19-April: 225 GHz taweter zenith opacities were good: between
0.15 and 0.3. Atmosphere became instable at about noon andvnt stable again at about 6-8pm. Wind
sometimes increased to 10 m/s, but not more.

1.2.1 Continuum observing modes.

The chopper throw was measured and found t@4®. This is a bit smaller than the most recent value of
the old optics. The difference was expected as the distagtweebn chopper blade and M4 had been about
8 cm with the old optics before this work, and now it is 6 cm. REvileams are separated horizontally by
about 65 mm on M4 (SN). When using the chopper a only identified only few (1-2) spikes per subscan,
as before.

Continuum sources were observed with different observimgles (point/swbeam, point/swwobbler,
point/total, onoff/swwob) to check for any systematic effe in particular when comparing with beam
switched observations. Beam switching compares very wgilwobbler switched observations. Peak tem-
peratures and FWHMSs are very similar, over a wide range ohétans (Fig. 1).

1.2.2 Nasmyth offsets.

Nasmyth offsets of the old optics were used, finding no irtthoa that they need to be revised (within about
1” accuracy over 30 degrees in elevation). Figure 2 shows thiatiem of pointing offsets for both EMIR
beams, EO and E1, when changing the elevation and azimutitirigostays constant to withing better than
17,

1.2.3 Pointing sessions.

On 17-April, a pointing session was conducted during thesgdalf of the night, observing 42 sources.
Three parameters were fitted (Table 1), improving the pajncatter (Fig. 3). The final pointing rms is
exzellent:1.6”.

The above model was implemented, and, on 23-April, anotbertipg session was run, which con-
firmed an excellent overall pointing accuracy (Table 1).

1.2.4 Focus

z-Focus values. Fitted z-Focus values were lying in the usual range, betwekf and—2.6 mm.



Table 1: Fitted pointing constants from EMIR EO observation

1st run, 17-April, 42 observed positions
rms=3.5" before fit, rms=2.2" after fit
P2: —6.36” +£0.33”
P8: —9.34” +£0.76”
P9: +2.26”7 +£0.80”
2nd run, 22-April, 33 observed positions
rms= 1.66" before and after the fit
P2: —-3.04” +£0.28” (azimuth offset)
P7: +1.55" 40.28” (elevation offset)

Change of pointing with z-focus. To check the alignment of M1, M2, M3, the Mars pointing was mon
itored when moving the z-focus by 5 mm, between abebitand 0 mm. These observations are compared
to similar observations done with the old optid$e pointing offsets are systematically shifting when
changing the z-focus by 5mmThe gradient changes with elevation. With the old optics gradient was
less than it is with the new optics (for similar elevation)ithithe old optics the gradient was).2” /mm in

Az and in El at60° elevation, with the new optics the gradientis” /mm in Az and in El ab3° elevation.

At 36° elevation, the new optics shows).5”/mm in Az and in El. Gradients show-up in both EMIR beams.
There is quite some scatter on these measurements, buttiiergs are clearly not zero (Table 2).

Table 2: Variation of pointing when changing z-focus. We hieee the total pointing offset in Azimuth plus
Elevation. The residual rms in Az/El is given in brackets.

Elevation Frontend Az-Drift EI-Drift Date

deg "Imm "Imm

60 EO —0.2 —0.2 30-Mar, Old optics {.3" /0.5")
53 EO +0.9 1.0 20-Apr, New optics 1.3"/1.7")
38 EO +0.6 +0.5 23-Apr, New optics .7 /1.1")
37 EO +0.7 +0.3 20-Apr, New optics@.7"/0.6")
27 El +2.0 +0.1 23-Apr, New optics §.8" /0.8")

Lateral focus offsets. Moving the lateral focus in x or y by-2.5 mm, leads to a significant drop of flux,
roughly 20% at 1mm, which allows to determine the lateralfcA series of lateral focus observations
were conducted on Mars using EQ/E2 on 20-April. Observatiware conducted at 28 and 47 deg elevation
and for each elevation observations were repeated thres tifhe focus length was2.5 mm, i.e. much
more than the default a1 mm. This resulted in reproducible focus values (Table 3, Hig



As figure 4 showsE2 shows sometimes markedly different lateral focus valuesompared to EO.
Offsets are 0.4 to 0.6 mm ! But for E2 no significant deviatifnasn lateral focus values of x/y=0/0 were
found. It was therefore decided not to set different valegen though from time to time coma-lobes appear
next to the 1mm elevation beam (at about 1/20 of the peaksit@n(Fig. 9). Such behaviour has been
known for long.

Uranus lateral focus scans were done with the old optics De®2013, with eight good lateral focus
scans on Uranus, scans 250 to 257, four scans in each dirgatibe elevation range 42.6 to 46.5 deg. With
small differences, a similar offset to the current situatrath the new optics is found between EOQ and E2:

focusX(EO) - focusX(E2) = -0.16 +- 0.06 mm

focusY(EO) - focusY(E2) = +0.38 +- 0.06 mm

Table 3: Lateral focus observations on 20-April.

Rx Band Elev. focus X focus Y
deg mm mm

EO 28 —0.42+0.12 —-0.04+0.11

EO 47 —-0.37+0.21 +0.09+0.10

E2 28 +0.17+0.15 0.00 £0.14

E2 47 +0.13+0.19 —0.54 +0.10

For about a day, on 18 to 19-April, the lateral focus had beétos-0.2/ + 0.4mm, which did however
not have a noticable effect on the measured temperaturesltrsw

1.2.5 Flux monitoring sessions.

Several flux monitoring sessions were conducted betweenadgh2am. SwWobbler observing mode was
used.

On 18-April, EO/E1 was used, pointing corrections variethieen—7" and—4" in Azimuth and—16"
and—7" in Elevation. Agreement between polarisations and bandsfevand to be better than5”. Focus
in z varied between-2.0 and—2.6 mm. The agreement of polarisations and bands was found tetber b
than 0.3 mm.

1.2.6 Beam shapes

For EOQ, E1, and E2 the fitted FWHMs compare very well (withiv feercent) with the predicted half power
beamwidth$ as seen in Table 4 and in the Figures. Transient weak coma lebee sometimes visible in
Elevation scans (Fig. 9). See also section 1.2.4.

lwith the old optics, we had found that the relation HPBW=286€q, with HPBW in arcsec and Freq in GHz, fits well the
observed HPBWs (see 30m wiki).



1.2.7 Beam efficiencies.

To derive main beam efficiencies, we followed exactly the esgmocedure as used previously for plane-
tary measurements with the old optics: source flufesnd sizes), were taken fromast r o/ pl anet
for the observing frequency and date. The measured FWHM era®avolved to find the observed HPBW
(HPBW:\/ FWHM? — 1n 2/262) and this was compared to the best fit result: HPBW/arcse®8/245Hz,
which had been obtained with the old optics. And we used tHewilng formulae [10] for the aperture
efficiency Acg = 3.905K (Fog T} )/, with the size correction factok’ = 22/(1 — exp(—2?)) and
r = vIn2(0;/HPBW), the flux conversion factor on th&; scale JYK= 3.905Fz /Az. Here, the
forward efficiency is the one set by default in the drive pamgr! The main beam efficiency B.g =
0.8899(HPBW D /)2 Aq, with the HPBW in radian and the telescope diamefeand the observing
wavelength) in meters, assuming here HPBWL.2)\/D, i.e. Beg = 1.28 Aegr . 2

Mars only has a diameter at present3df”. Uranus and Neptune are still smaller on the sky. These
planets were only visible during the morning hours after 9Barthermore, Mars and Uranus were within
only ~ 10deg of the sun. For the 1 mm data, we selected scans of excpbarting (< 1”) near the
optimum elevation of the telescope of 50 degrees, i.e. egpe¢ak of the gain-elevation curve.

Table 4 (cf. Fig. 5) lists the derived beam efficiencies wtaghee within 8% with the previous values.

Low beam efficiencies at 1 mm could in principle be explaingdiistortions of the main dish caused
by solar irradiation of the telescope. J. Penalver (Figa®) feported a drop of Uranus peak temperatures at
1 mm during sunrise, by as much as 30%, while the 3 mm tempegasitay unaffected, from observations
on 6-Jul-2010. As long as the beam widths are not affectexidtbp directly translates into a corresponding
drop of beam efficiencies. Similar findings at 1 mm were regablty A. Greve in an older report of 1996 [8]
from observations of Mars (df’ diameter) during sunrise.

1.2.8 Secondary calibrators.

Secondary calibrators. W3O0H, K3-50A, NGC 7027, and NGC 7538 were observed under guogiat
time conditions. z-Focus and pointing were carefully cleecknd corrected. During regular flux monitoring,
SwWobbler was used. The agreement is good between the eldgssak temperatures and the temperatures
known from the flux monitoring sessions using the old opfikab(e 5).0nly NGC 7538 deviates a bit.

Asteroids. The asteroid and dwarf planet Ceres was observed and welttddtat 3 and 1 mm on 20-
April-2015 (Table 6, Fig. 7). To our knowledge this is the ffidetection with heterodyne instruments at
the 30m. Pointing was initially off byt8” in Azimuth indicating that the usedPL ephemerides were
imperfect. The observations were carried out under regular atmospt@nditions (pwv 5 mm) and at low
elevations ( 30 deg).

Vesta is predicted to be just a factor 2 weaker, but could eatdiected. Ephemerides may be more off.

HPBW=  1.2\/D corresponds to HPBW/arcsec=2474¢Hz which agrees very well, within 0.5%, with
HPBW/arcsec=2460/GHz.



Table 4: Main beam efficiencies. Measured peak temperahdgevath (FWHM). To derive beam efficien-
cies, the HPBW observed with the old optics are used, as #thpben measured under excellent conditions.
To go to theT”, scale, we use the forward efficiency which are at preseitstilinpako, and which are
the best forward efficiencies measured with the old optiesived forward, aperture, and beam efficiencies
are listed, together with Jy/K conversion factor, and thet keown value for the beam efficiency with the
old optics. The conversion factors previously obtainedlhie old optics, 5.9, 6.4, 8.0 Jy/K, compare well
with the new values within 5%, 5%, 3%. The beam efficiency agvithin 8% with the previous values.

Freq. ijpk FWHM HPBW HPBW F, A Conv. By Comm. B, Change
obs. old
GHz K 7 " " % % JyK % old %
84.5 04 294 29.4 29.1 95 66 562 84 Neptune 81 +4
132.7 45 187 18.6 18.5 93 54 6.76 68 Mars 74 -8
227.0 109 104 10.2 10.8 92 46 7.78 58 Mars 59 -2

1.2.9 Skydips.

Skydips were done regularly to check for any blockage ancetvel forward efficiencies. Any blockage
may show-up as deviation of observed temperatures at piartielevations. Nothing of this was seen in any
of the skydips. Table 7 lists the observed forward efficieaciTip scans are now logged in TAPAS.

Skydips were done during day and night, showing no signifidifferences but values are slightly
lower than expected.

1.2.10 Maps.

EMIR Maps of2’ x 2" were taken in different observing modes (Fig. 10), bamnot yet be reduced in
mra.

1.2.11 Polarimetry.

Polarimetry calibration is working, the mirror and the gnitbve correctly. The mirror for polarimetry in
front of EMIR had to be adjusted on 23-April. This adjustmamproved the illumination of the grid and
the temperatures of the correlated power was measuredolioe K for E2, and also for the larger beam
of EQ, i.e. at the expected value. The instrumental poléoisavas measured and Mars and found to lie at
the expected value of about 1%. Beam maps were conducted-Apr#4E0 beams seems OK, E2 maps
are yet missing. The Crab nebula was mapped on 29-April bydBlika and I. Agudo under low opacity
and stable atmospheric conditions as part of the MAPI 266fbQram.
CHECK: these data are currently reduced.



Table 5: Peak temperatures of secondary calibrators adx$elwing flux monitoring sessions at night time.
Values are compared to the standard values which had beervetswith the old optics. Lateral focus were
at 0/0 on 18-April, and-0.2/+0.4 on 19-April. Standard values for W30H, K3-50A, NGC7538, N&27
are taken from mails of H. Ungerechts of 19/27-April. Valirrdrackets were taken under non-optimum
conditions (e.g. not focussed at 229 GHz) The standard sdhre86 GHz are consistent with the values
compiled in [9].

Frequency Standard New Comments on new values
Old Optics New Optics
T3 T3
GHz mK mK
W30H
86 640t ~ 5% 610 — 660  18/19 April 2015
142 670t ~ 6% ~ 600 18 April 2015
229 [720t ~ 13%] 700 — 770  18/19 April 2015
K3-50A
82 107Gt ~ 4% 1060 +10  18/19 April 2015, IH 22.4.
142 95@ ~ 7%
229 [760t ~ 9%)]
NGC 7538
82 410+ ~ 4% 360+10 19/23 April 2015, low value !?
142 5106t ~ 7% 450+10 19/23 April 2015, low value !?
229 [550t ~ 19%] 670+10 19/23 April 2015, high value !?
NGC 7027
82 810t ~ 3% 750 + 20 18/20 April 2015, IH 22.4.
142 630 ~ 7%
229 [40Gt ~ 13%] 420+ 30 18/20 April 2015, IH 22.4.

Table 6: Peak temperature of Ceres measured in onoff/sweiobibde with 4 subscans of 30 sec each.
Lateral focus was set to x/y=0.2/0.4 mm, which is expected to not cause any differences coadpa ob-
servations at 0/0 mm. Fluxes were derived from the Jy/K cmiwe factors measured on Mars and Neptune
with the new optics (see above). The modelled fluxes are baise@lues obtained at higher frequencies
with Herschel and the models of T. Mueller [11]. Fluxes agrgdin 20%.

Frequency T} . Flux Flux  Difference
observed derived model
GHz mK  mJdy mJdy
84.5 24 135 160 —19%
227.0 122 949 840 +12%




Table 7: Forward efficiencies from Skydips done during day@ight time under good, stable weather con-
ditions with moderate opacities (18-19 ApriBll forward efficiencies are slightly lower than expected.

The largest drop of 6% is observed for E2.

Frontend Frequency RangeF. g Fug Change
GHz New Optics  Old Optics

EO 83 — 85 94.2+0.9% 95% 1%)

E1l 134 91.4+0.3% 93% (2%)

E2 227 — 229 86.7 £ 0.7% 92% (6%)
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1.3 HERA

HERA commissioning started on 24./25. April under instalsather conditions, which improved only on

27-April, when we had excellent weather conditions, alisih the de-icing just switched-off, the automatic

hygrometer not working. In addition, it was noticed in therming (between scans 53 and 59) that the
styrofoam vertex window was broken, with the upper half &tilplace. The remaining parts were then
removed.

1.3.1 Pointing, focus, and observing modes

Pointing with swwobbler on Mars using the central beam workell. For swbeam, the central pixel of
HERA-1 shows the known spikes when using the NBC continuuokdrad and HERA-2 always showed
a strong ripple. Peak temperatures measured with HERA-& Vegrered relative to those measured with
HERA-2. However, pointing with swbeam was almost exactly s$ame as for swwob. The Chopper can
therefore be used for pointing and focus tests.

A systematic offset between E230 and HERA pointings wasrebde(of the order13”, i.e. with a
blind pointing starting at offset 0/0 even 1K sources may bfound), which is under investigation. A
short pointing session was done on 28-April, observing Isitipms in the elevation range 20 to 60 degrees
resulting in new Nasmyth constants (Fig. 11):

P10: +3.20" +-0.47" (horizontal Nasmyth offset)

P11: -13.28" +-0.47" (vertical Nasnyth offset)

When entered into pako or the pointing model, the sign of Rbbably needs to be changed. (JP, 28-
Apr) The rms of the observed values3g4”. After the fit this improves td.97”. Fitting other pointing
constants does not improve the fit. This is expected, as tlyevery recently implemented EMIR pointing
model is being used.

Focus. Focus values of HERA were normal, and ranged betwee® and—2.5 mm. We saw no coma
sidelobes.

Outer pixels with Chopper and Wobbler. Pointings were done not only on the central pixel (#5) but als
on one of the lower pixels (#4) and one of the upper pixels,(#6)ler good conditionsr(= 0.2 — 0.3)

on Neptune on 28-April. The maximum pointing errors werel” in Az/El, showing that the de-rotator
angle is what it is commanded to be (0deg in this case). Thk tesaperatures agreed when comparing
Chopper and Wobbler observations, indicating that the @eoptill works fine, even for the lower outer
pixels (Table 8).

Alignment of both polarisations Although not part of the commissioning, we checked the iredalign-

ment of both polarisations, and found that they agree toimwkiktter thar2” (Table 9), consistent with the
HERA commissioning report of 2006 which gives an alignmeettdy thanl.2”.
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Table 8: Pointing on Neptune with 3 pixels of HERA-1. Poigtitorrections are consistent between pixels
and observing modes. Peak temperatures and widths showmbcsint differences between swbeam and
swwob. (1) Half of the difference between extrema.

d(Az) d(El) Tpeak FWHM Comments
" " K "
pix5 swwob 114 10.2 1.33 12.3
swbeam 10.7 9.8 1.35 9.9
pix4 swwob 12.0 8.3 1.18 12.1
swbeam 109 9.0 1.25 11.4
pix6 swwob 124 9.0 1.27 10.9
swbeam 11.7 9.0 1.25 10.2
+1.1 15 0.16 2.2 1)

Table 9: Alignment of both polarisations.

date source #scans d2(Az)-d1(Az) d2(EN-d1(El) rms(dAzns(El)
244, Mars 20 0.24+0.7 —0.1+1.5 1.3 11
27.4. Mars 16 0.9+0.7 —0.6 +0.8 2.5 1.9

1.3.2 Telescope efficiencies

Forward efficiencies On 27-April, we did skydips under excellent water vapor gbods, without vertex
styrofoam membrane in place. The observed antenna teraper@irves for all 9 pixels of HERA-1 show
no indications of any beam blockagehe fitted forward efficiency at 230 GHz is 83%, still lower than
the EMIR value of 87%, which is already lower than the expectd, old value of 92%.

Beam efficiencies On 27-April, Mars observations at 230 GHz near the optimwewation (att5.8°) yield
a peak temperature af.35 + 0.4K and a width of11.5 4+ 0.7” (averaging both polarisations), giving a
deconvolved beam size of HPBWI1%.3”, which agrees well with the value from the commissioningorep
of 2006 of11.7” [4]. The derived aperture efficiency is 45%. Using the obsedPBW, the beam efficiency
is 62%, agreeing very well with the previous value of 59%. mdther hand, if we use the scaling relation
Be = 1.28 Ao (see above), i.e. if we assume a HPBW 6f7”, the beam efficiency is 57%, also agreeing
very well with the old value.

Taking the beam map in swtotal from 27-April, a fit to the maghwall pixels summed up to one beam
gives: HERA-1:T = 9.65 + 0.07K, FWHM= 11.4 + 0.2” , i.e. HPBWHA1.2", Acgz = 0.4, Beg = 0.56
(using the observed HPBW), again consistent within 5% withdld value.
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1.3.3 De-rotator

When rotating the de-rotator to positions betweeit) and-+80 degrees in steps of 20 degrees, the pointing
stays stable with an rms &f0.8”, as measured on 27-April under excellent weather congit{fig. 12).

1.3.4 Beam maps

Maps of2’ x 2’ were done on Mars isw ot al andswwobbl er. These maps can now be reduced
thanks to newri r a andcl ass reduction routines, which were developed by S. Bardeaujee$s, and
C. Marka. Figures 13,14 give an example taken on 27-Aprikeumrccellent weather conditions, albeit with
the above mentioned caveats. The Gaussian fits to the siixgls pf HERA-1 and 2 are on24” grid (for
pixel 5 put on 0/0) within a maximum deviatidn1”.

13



1.4 Figures

Pointing on Mars with E1 at 132.7GHz
17—April—2015, Day—time, ~10deg from sun, klevation range: 30—-60deg
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Figure 1: E150 Mars observations with different observingdes. These observations were done on 17-
April, using lateral focus offsets 0/0. Average peak terapges and widths for the different observing
modes agree well. Also the measured widths agree well wghHRBW formulae (HPBW=2460/Freq)
derived with the old optics.
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E1 Pointing on Mars, 17—April—2015, New Optics
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Figure 2: Variation of pointing offsets with Azimuth and Eion. Upper: E1, Lower: EQ. Some system-
atic variations are visible, but at a low level.
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Lateral focus X correction (mm)

Lateral focus Y correction (mm)
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Lateral focus X. New Optics. 20-Apr-2015
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Figure 4: Lateral focus observations on Mars on 20-April.
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Pointln% on Mars (3.9" diameter) with E230 at 227GHz
19—-April-201 Elevatlon range: 42—53, Day—time, 10deg from sun
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Figure 5: Mars observations at 1 mm on 19-April with latemalus set to-0.2/ + 0.4 mm in x/y.
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TA*pk [K]

Pointing on Neptune (2.2" diameter) with E090 at 84.5
19—-April—2015, Elevation: 44deg, Day—time, 40deg from sun
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Figure 6: Neptune observation at 3mm on 19-April with latésaus set to—0.2/ 4+ 0.4 mm in x/y.
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Offset ( 0", 0") Source: BODY Ceres
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Frontend: E230HL Backend: BBC Rest Frequency = 227.182 GHz
Azimuth = 175.3° old Az corr = —48.9" new Az corr = —48"
Flevation = 29.4° old EI' corr = —06" new EI corr = —6.3"
| a7 = 0b" | ‘ ]
o =10" | 0.15 K
0.1 - | -
g L i
—-0.1 | — -0.1 —
L L \ Ll ] L1 \ L]
—100 —50 0 50 —-50 o) 50
A Az [V] AENT]

Figure 7: Ceres observations at 1 mm (20-April, x/y-focu8:2/0.4. Above: OnOff/SwWobbler observa-
tions.Below: SwWobbler observation$he negative wobbler beam shows less intensity than the ptise
beam in this scan, indicating some perturbation during the san, possibly by the weather. This feature
is however usually not seen. 20



Measurements on Uranus on 6-Jul-2010. Used ATM 2009. E0 at 86 GHz, E2 at 210 GHz
pwyv approx. 5.5 mm. Uranus disk diameter 3.48". Flux at 86 GHz = 6.90(6.86)J, at 210 GHz = 29.22(28.30)J

5.0 = : = : :
! : : : | atUT 2:25

i atUT 8:15

25 30 35 40 45 50 55

Elevation (deg.)

‘—Q—EU (86 GHz) —=—E2 (210 GHz) |

Figure 8: Variation of Uranus peak temperature with elevafpain-elevation curve) when observing during
sunrise, observed with EO/E2 on 6-Jul-2010 by J. Penahig5?elevation and at 210 GHz, the Uranus peak
temperature drops by 30% before sun-rise and after sunwise Uranus temperatures at 86 GHz are not

affected by the sun-rise, nor by the gain-elevation curve.
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Source: Mars Scan: 128 Telescope: IRAM 30m Date: 2015-04—-20T09:00

Frontend: E230HL Backend: BBC Rest Frequency = 227.182 GHz
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Figure 9: Mars spectrum at 1 mm showimgnsient coma-lobes(20-April).
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Figure 10: Time series of E090 Mars map taken on 18-April.
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Figure 11: HERA pointing model fit of Nasmyth offsets to 16itioas observed on 28-April.
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HERA 1

AEL ]

rz ']

Figure 13: HERA1/NBC Mars map taken on 27-April under exardiweather conditions, albeit shortly after
switching-off deicing of the antenna, and during day-tiffilke map was taken in total power. The nominal
pixel spacing is shown (small black marker) together withrisults of a Gaussian fitting of position (cross)
and FWHM (ellipse). The transition from green to blue mahes+t 20% contour.
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HERA 2

AEL ']

Az ']

Figure 14: HERA2/NBC Mars map, taken together with the HERAdp shown above. HERAZ2 is more

instable than HERAL for this setting. The nominal pixel $pgds shown (small black marker) together
with the results of a Gaussian fitting of position (cross) BMdHM (ellipse).
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Inclinometer Measurements, inclM4 - inclM3
(inclM4 installed in the wall close to the M4 support, incIM3 on top of the horiz. bar supporting M3)
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Figure 15: Variation of relative inclination angle betweabe position of the new M4-Mount and the hori-
zontal bar to which the new M3-Mound is attached. The bluagsa@how the inclination in the direction of
the elevation axis. The pink points show the incliation ingeadicular direction, towards the vertex.
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2 Commissioning Plan

In April 2015, it is planned to change the optics inside theeieer cabin to adapt it to the enlarged field-
of-view of NIKA-2. The current mirrors M3 and M4 will be reptad by new mounts and larger mirrors.
The new M4 will be located 15cm nearer to the wall, and alsocti@pper wheel and its mount. Hence,
the first mirrors of EMIR (MES5 to ME7) have to be moved by theSerfi. The EMIR cryostat will not be
moved. In addition, HERA and the de-rotator will be moved by same amount. As one consequence, a
new elevation arm will be installed, which connects the M8amt and the vertex, forcing M3 to follow the
telescope movement in elevation. The installation andcapéilignment are described in the installation and
optical alignment plans [1,2].

After installation and optical alignment, thhadio alignment may still be somewhat displaced:

1. along the telescope axis leading to a change of focus,

N

. by a lateral shift in the focal plan, leading to a pointirffset,
3. by atiltin the focal plane, degrading the illuminatiorddeading to a loss of aperture efficiency, and,

4. possibly also by rotation about the telescope axis whial affect the positions of the outer HERA
pixels. The two EMIR beams are not affected because EMIRonsitbeyond ME7 and the cryostat

will not be touched.

5. In addition, the radio beams may be partially blocked gltreir optical paths (e.g. by the chopper
wheel).

6. Further, the alignment may also drift in time, for instamath changing outside temperature.

Suitable observations of the sky and of celestial sourcegrarefore needed to make sure that these
deviations are negligible. Points #1 to #5 need to be adededsring the initial commissioning period in
April and requires a couple of days and nights of good, staldather conditions to move the telescope,
do skydips, and to observe primary calibrators and othemtipgy sources. Point #6 requires a long-term
monitoring of some key parameters (pointing, focus) oveessd months.

The new mounts and mirrors for NIKA-2 (MN5, MN6, MN7) will bastalled in May/June, and in any
case can only be commissioned with NIKA-2 at the telescope.
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2.1

Pre-requisites

Prior to the commissioning, we should clarify with the ahgent team:

1.

2.

2.2

Speak with SN/DJ/SL on how optical alignment went

Do visual inspection of new rx cabin optics, especiallyewldoing a full sweep in elevation. How do
the elevation arm and M3 follow ? Cables transport via thé imfine ?

. Confirm that M4 can be moved by operators into its diffepitions, in particular into the position

for EMIR.

. Confirm that the chopper can be moved up/down and rotated.
. Confirm that changing from EMIR to HERA and back by flippindeMworks

. Check that the assumptions listed below are justified.

Assumptions

The astronomical commissioning plan is based on the foligveissumptions:

1.

2.

Optical alignment done and showed no problems.
EMIR

1 Cables to EMIR cryostat have not been revised.
2 Seperation between the two EMIR beams is unchanged

3 Alignment between EMIR bands (EO/E2, E1/E3, EO/EL), angvéen polarisations, was not
lost.

. HERA

1 Cables to HERA cryostat and de-rotator have either not beéged, or, they have been tested
to work again by the installation team.

2 HERA cryostat/de-rotator alignment was either not loghely have been opticall realigned.

3 Separation between the 9 HERA beams is unchanged

. The HEMT and its mirrors are of no concern here.

. Skydips work for EMIR and HERA
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2.3 Commissioning plan

The aims are to check that EMIR and HERA are fully operati@agdin for astronomy. For this, we need
to check that the radio alignment on the sky is ok for EMIR amdalll pixels of HERA, that the telescope
efficiencies are unchanged, and that there is no blockagent@ssioning shalktart with EMIR , to get
EMIR operational for routine astronomical observationaiags soon as possible.

23.1 EMIR

1. Check that chopper works for EMIR:

1
2

pointing results using the chopper should agree with thesey total power and wobbler.

Take a look at individual subscans to identify possiblebfms with the blanking times (e.g.
check for any spikes).

Fluxes using the chopper agree with those using total paneare consistent with those using
the wobbler. Note that results using the wobbler are expgdgotbe somewhat smaller, depending
on throw.

Measure chopper throw (and position angle). The throw Ishoat be much small than the
current value (see section 2.5).

Chopper can be moved out-of-the-way, not creating anykblpe for either of the two EMIR
beams.

Check that the chopper blades do not block the EMIR beams wigeare using a switch mode
other than swBeam.

2. do skydips to check for any indications of blockage and éasare the forward efficiency. For upto
date telescope efficiencies with the old optics, see the |IR3@M homepage:
http://ww.iram es/| RAVES/ mai nW ki /| ranBOnEf fi ci enci es.

3. The following check list may need to be iterated to dertable, final results.

1 Measure z-focus, but also check the lateral focus, of EMER (current values below). It is

sufficient to measure the focus with only one receiver bareiR.

2 Do pointing and z-focus observations at different eleveti Check that focus does not depend

on elevation. Are there any indications of blockage by theéexeon one side indicating that the
elevation arm is not installed at the correct angle ?

3 Measure the two EMIR Nasmyth-Offsets by following a pomtice over a wide range in eleva-

tion (see current values below). In principle, they are xpieeted to change. After implement-
ing revised constants, confirm that EMIR pointing does nainge with elevation. Note that
the relative offsets (the separation) between the two EMdBnts are not expected to change,
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however the two beams may have rotated somewhat on the skg,a€4, ME5 to ME7 were
all touched.

4 Measure EMIR aperture and beam efficiencies (and beam syidtid compare with previous

values listed on the 30m homepage, which were taken undienapt night time conditions at
the optimum elevation. Both EMIR beams should be checketlpbe EMIR band per beam
(and one frequency) are enough. In principle, the higheueacy bands (e.g. E2 and E3, cf.
Section 2.5) are more sensitive to any issues with the neigsoptiowever, they require good
weather conditions.
Note: Don't be distracted by variations due to the gain-aiewn curve, the drop of efficiency
with wobbler throw, or a drop of efficiency during day-timeetd, we are looking for any drop
in efficiency due to poor illumination. Any significant dropuld be unacceptable and would
need to be discussed with the alignment team.

4. To do additional checks of the correct illumination of #enter of the subreflector by EMIR, do
pointings at low and high antenna elevations, focussed imdzoait-of-focus. Compare with charac-
terization done before the installation of the new optics.

5. Construct new EMIR pointing model by observing 20 point sources evenly distributed over the
sky. If we find important or big changes, we will probably hévéerate two or more times. We don'’t
need to do a separate pointing model with HERA, as EMIR and AIBRly have different Nasmyth
offsets.

6. Check that XPOL with EMIR/VESPA is still working (extelneold load, grid). Some mirrors will
be moved towards the wall, which may increase spillover, thedtotal pathlength will change by
+25cm (SN, priv. comm. 9-Feb), but the relative path between siivuld not change.

1 The external LN2 calibration unit will be moved. For a cotr&POL calibration one of the
mirrors of the EMIR warm optics redirects the beam into the2lbucket. It has to be positioned
in front of the left or right dewar window depending on whicMR band is used. Check: make
an XPOL calibration in each of the two EMIR bands and look atgbwer recorded in subscans
#3 and 4.

2 Correct alignment of LN2 bucket. It should intercept alltbé EMIR beam, only then is the
effective temperature of the LN2 load near 80K (contact i&gn). check: make a calibrated
observation at 3 and 2 mm of a continuum calibrator. Verifyt thcold = 80 K gives the right
flux.

3 Do we still get correlated power ? check: make an XPOL catiibn in each of the 4 bands.
Then look at data with mira using command view 1 (or 2) /xpol glitade should be around
100K (i.e. 50% of HOT - COLD)
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4 1s EMIR (each one of the two windows) still well centered be tadio axis ? Only then the on-
axis instrumental polarization is low. Check: make XPOLehations of a strong unpolarized
source (Mars, Uranus). Analyze wi@LASS> @ xpol .

5 Does EMIR pick up more power in the sidelobes through its aptical path ? This power is
likely considerably polarized and may thus adversely affee level of the polarized sidelobes.
Check: make small beam maps (Mars or Uranus). Compare witls sh@ne previously with old
optics:ht t p: / / www. i ram es/ | RAMES/ mai nW ki / Pol ari net r yf or Ast rononer s

7. In case of problems, it is recommend to tackle them, ratiem moving-on to work on HERA. If
all of the above have been positively tested, we'll needada shonitoring the long term evolution of
the pointing. There may be drifts because M3 and M4 are nowntedudifferently. See the report
by JP [5] on the relative movement of the inclinometers atrtb@ mount positions, done prior to
installation.

8. Aside from the long term monitoring, EMIR is available amfor routine observations.
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2.3.2 HERA

The aim of the following tests is to check that HERA is welbakd on the sky, after moving it by 15cm
towards the wall of the receiver cabin. In addition, the gi@ow describes how to check the radio align-
ment between the HERA cryostat and the de-rotator in casastlast. In any case, we assume here that
the alignment team have already realigned the de-rotatiicatly with lasers, that the de-rotator can be
controlled using PaKo, and that the chopper wheel was afreested using EMIR.

Pointing with the central pixel The goal of this test is to check that the pointing offsets, FWHM,
and the flux peak of the central pixel do not change for whemging the elevation and/or the angle of the
de-rotator. Testing at only one HERA 1+2 frequency is sudfiti

1.

2.

Go to a strong pointing source (Mars is probably optimal).

To avoid uncertainties (e.g., anomalous refraction)hirtig useful to set the number of subscans to 8
or more.

. Measure the chopper throw. It should be the same as for EGHEck that the chopper wheel can be

moved out of the way, without creating any blockage. Do a gkialconfirm this. Repeat at different
elevations. Measure at the same time the forward efficidhaf. all, blockage may be more of an
issue for the outer HERA pixels.

. Check that the chopper blades do not block any of the HER#isavhen we are using a switch mode

other than swBeam.

. Measure carefully the pointing and the focus correctisitis the de-rotator angle set to 0. In case the

pointing of the central pixel changes with elevation, thigynindicate an Nasmyth offset of HERA,
which would need to be measured and implemented into NCS.

. Check pointing for entire range of derotator angles ipstaf 15 degrees. For each pointing scan,

write down the pointing offsets, the FWHM, and the flux peake€k also the shape of the beam for
any deviations from a Gaussian (e.g. for sidelobes). Coenwéh Figure 3 in [7].

. Check pointing over entire elevation range.

. If possible, it would be good to repeat some pointingsgigiaobbler and total power switching modes

in order to check that the pointing results are the same. thateresulting fluxes using the wobbler
may be somewhat smaller, for large wobbler throws.

Geometry map The aim of this test is to check the position on the sky of thexélp of HERA.

1.

Set the observing mode to track+swbeam.
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2. Setthe de-rotator tracking the S®AKO > receiver heral /derot 3 S).

3. Do along integration in order to check that the 9 HERA @x@b not change their position on the
sky when changing the elevation of the source. Probablyaigeod idea to start/finish this test 1 hour

before/after the transit.
Note: This needs to be elaborated: observing mode?, parametatas prabcessing? probably NOT

track+swbeam!

4. Measure the position of the pixels on the sky (CLASS, gorejh@nd check that their position is fixed.

5. Repeat the test for different de-rotator angles (&.g3,+ 30 and + 60).

Further tests

1. The chopper might block the HERA outer pixels. To check w should do skydips at three different
angles (e.g.3, 8+ 30 andg3 + 60) and over the full elevation range. Useful information tatlis test

might be found in [6].

2. If all the previous test were done successfully, go to ghtriextended source (e.g., the Orion bar)
and launch an otf map using the line backends. Once the mapnis, dompare it with previous
observations or with data from other telescopes (e.g.,cRJafiComment: Planck resolution is not
sufficient for this. Better prepare for using previous 30npmgCK)]
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2.4

2.5

Sources

Planets: Mars and Uranus are available. They are bright(iand/2015) pointlike. Mars currently
has a diameter 03.8” culminating at 70deg in elevation at 13:20. Uranus has a e@nof3.1”
culminating at 59deg at 11:30.

Values before installation of new optics

. Nasmyth-offsets

e EMIR: Current Nasmyth offsets [3] (Comm.Report 5/2009)
Right beam39.0”/ + 5.5” EO, E2, EO/E2, EO/E1
Left beam:+51.0"/ + 5.5” E1, E3, E1L/E3

e HERA: Nasmyth offsets of central pixels: 0/0 CHECK
Nasmyth offsets of outer pixel&4” (cf. HERA user manual)

. Typical focus values

HERA: —2.7mm
EMIR: —2.7mm

. Chopper: The throw is abol70” as of March 2015. Its position angle is unknown.
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