EMIR commissioning after the upgr adeof bands3and 4 in
November 2011
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In early November 2011, the mixers of bands 3 and 4 of EMIR weptaced by 2SB mixers with
8GHz per sideband. At the same time, the IF switching box wapt&d to allow for selecting these newly
available bands.

We observed line rich sources, to test 12 different setupgSMIR band combinations, from single-
band setups to dual-band EO/E2, E1/E3, and EO/E1 setupslZrbetups tested are those which had been
requested for observing projects in winter 2011/12.

We identified individual lines in each of the bands. For easthys we give below the receiver/backend
commands (fronr ec. pako), and a plot of the resulting spectra, showing the full spestand and a
smaller frequency range showing some identified lines. @myspikes show up. Two problems were iden-
tified: (1) The current upper frequency limit of E3 is only 33#iz instead of the expected 352 GHz. (2) A
broad spurious signal shows-up in the vertical polarisatibE2.

As the bandpass slopes are large, power levels have to Haleagjusted on the hot load, for the FTS,
and for the continuum backends bbc.

To identify lines, we made use of new features within the GA®package, “go browse” and line
catalogues provided withst r o and also viameeds from the CDMS and JPL databases. Scripts are
available on the 07- 11 account.
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1 Overview of EMIR setupstested
The labeling of the setups follows that on the EMIR homepage.
1. Single bands

1 EO 32GHz mode, dual-pol
2 E2 32GHz mode, dual-pol
3 E3 32GHz mode, dual-pol

2. EO/E2

1 EO: UI+UO, E2: UI+UO (dual-pol)
2 EO: LI+LO, E2: LI+LO (dual-pol)
3 EOVUO, E2VUI, E2HUI, E2HLI

4 E2HLI, E2HUI, EOVUI

3. E1/ES.

1 E1LI, E3LI, E3LO (dual-pol)
2 E1Ul, E3LI, E3VLO (dual-pol)

4. EO/EL.

1 EO/E1 dual-pol

1 EOLI, EOLO, E1LI (dual-pol)
2 EOLI, EOLO, E1UI (dual-pol)

2 EOLOH, EOLIV, EOUIH, E1LIV



2 EMIR band combinations

1. Single bands

1 Setup 1.1. EO lower and inner sidebands

1; 0 CALW5S1D LINE86 Unknown 0:20—NOV—-2011 R:20—NOV—-2011
RA:  19:23:39.84 DEC: 14:31:10.1 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.059 Tsys: 94. Time: 29. min El: 64.2
N: 425576 10: 84788.4 VO:  60.00 Dv: —0.1692 LSR
FO:  86515.0000 Df: 4.8838E—-02 Fi: 99012.3800
unknown doubtful
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Figure 1: Setup 1.1. EO lower and inner sidebands. FTS at 5@&sblution.

RECEI VER EO90 |ine90 90.000 LI /hor
BACKEND VESPA 1 0.040 120.0 0.0 /rece
BACKEND VESPA 2 0.040 120.0 0.0 /rece
BACKEND VESPA 3 0.040 120.0 0.0 /rece
BACKEND VESPA 4 0.040 120.0 0.0 /rece
BACKEND FTS /fine /DEF

BACKEND W LMA / DEF

LI U [/ver

E090 hor
EO90 ver
E090 hor
EOQ90 ver

L
L
L
U
U



2 Setup 1.2. E2 lower and inner sidebands

1; O CALWS1D LINE230 Unknown 0:20—-NOV—-2011 R:20—NOV—-2011
RA: 19:23:39.84 DEC: 14:31:10.1 Eqg 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.258 Tsys: 252. Time: 29. min El: 58.7
N: 120117 10: 28058.6 VO:  60.00 Dv: —0.2546 LSR
FO:  230000.000 Df: 0.1954 Fi: 242497.378
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Figure 2: Setup 1.1. E2 lower and inner sidebands. FTS atr20@&solution.

RECEI VER E230 [|ine230 230.000 LI /hor LI U /ver
BACKEND VESPA 1 0.040 120.0 0.0 /rece E230 hor LI
BACKEND VESPA 2 0.040 120.0 0.0 /rece E230 ver LI
BACKEND VESPA 3 0.040 120.0 0.0 /rece E230 hor U
BACKEND VESPA 4 0.040 120.0 0.0 /rece E230 ver U
BACKEND FTS / DEF

BACKEND W LMA / DEF



3 Setup 1.3. E3 lower and inner sidebands

1; O CALWS1D LINE2BO Unknown 0:20—-NOV—-2011 R:20—NOV—-2011
RA: 19:23:39.84 DEC: 14:31:10.1 Eqg 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.277 Tsys: 406. Time: 13. min El: 45.2
N: 120117 10: 28058.6 VO:  60.00 Dv: —0.2092 LSR
FO:  280000.000 Df: 0.1954 Fi:  292497.374
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—14800 —15000 —-15200 —15400

CH3CNH

S . . ) | L
293800 294000 294200 29 44<y
77'""""*'7Rest,,EfggEe ncy (MHz) %
0 T—te000_ e
C T T T T T T — T
10 F .
5F 4
¥ M u“x JJ i T o
Q Nt ! R Y ottt o o i
275000 280000 285000 290000 295000

Rest Frequency (MHz)

Figure 3: Setup 1.3. E3 lower and inner sidebands. FTS atr20@&solution.

RECEI VER E330 |ine300 300.000 LI /hor
BACKEND VESPA 1 0.040 120.0 0.0 /rece
BACKEND VESPA 2 0.040 120.0 0.0 /rece
BACKEND VESPA 3 0.040 120.0 0.0 /rece
BACKEND VESPA 4 0.040 120.0 0.0 /rece
BACKEND FTS / DEF

BACKEND W LMA / DEF

LI U /ver
E330 hor LI
E330 ver LI
E330 hor Ul
E330 ver Ul

LI

ul



2. EO/E2

1 EO/E2: EO: UI+UO, E2: UI+UO
Possible application: 12C0O, 13CO 1-0, 12CO 2-1

1, O CALW3OH Unknown Unknown 0:01—-DEC—-2011 R:01—-DEC—-2011
RA: 02:27:03.88 DEC: 61:52:24.5 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.082 Tsys: 149. Time: 88. min  El: 59.1
N: 657332 10: 11777.0 VO: —45.00 Dv: —=0.5312 LSR
FO: 110201.350 Df: 0.1953 Fi:  97699.4588
unknown doubtful
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Figure 4: Setup 2.1.

RECEI VER E090 13CQ(1-0) 110.20135 U /hor U /ver U
RECEI VER E230 12CQ(2-1) 230.53799 U /hor U /ver U
BACKEND VESPA 1 0.040 120.0 0.0 /rece E090 hor U
BACKEND VESPA 2 0.040 120.0 0.0 /rece E090 ver U
BACKEND VESPA 3 0.040 120.0 0.0 /rece E230 hor U
BACKEND VESPA 4 0.040 120.0 0.0 /rece E230 ver U
BACKEND FTS / DEF

BACKEND W LNMA / DEF
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2 EO/E2: EO: LI+LO, E2: LI+LO
Possible application: HCN, HCO+ 1-0, 13CO 2-1

1; 0 IRC+10216 Unknown Unknown 0:20—NOV—-2011 R:20—-NOV—-2011
RA: 09:47:57.29 DEC: 13:16:42.8 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.108 Tsys: 164. Time: 58. min El: 65.7
N: 711743 10: 2B058.6 VO: —27.00 Dv: —0.6564 LSR
FO:  89188.5000 Df: 0.1953 Fi:  101690.583
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Figure 5: Setup 2.2

RECEI VER E090 HCO+(1-0) 89.1885 LI /ho
RECEI VER E230 13CQ(2-1) 220.3987 LI /h
BACKEND VESPA 1 0.040 120.0 0.0 /rece
BACKEND VESPA 2 0.040 120.0 0.0 /rece
BACKEND VESPA 3 0.040 120.0 0.0 /rece
BACKEND VESPA 4 0.040 120.0 0.0 /rece
BACKEND FTS / DEF

BACKEND W LMA / DEF

r LI /ver
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E090 hor
E0Q90 ver
E230 hor
E230 ver

L
L
L
L



3 EO/E2: EOVUO, E2VUI, E2HUI, E2HLI

This is a special setup as only single polarisations are aiséenly 4 out of 8 cables. It may be

useful to observe simultaneously 12C0O 1-0, 12CO 2-1, 13CA&®2-1

1; 0 IRC+10216 Unknown Unknown 0:20—NOV—-2011 R:20—-NOV—-2011
RA: 09:47:57.29 DEC: 13:16:43.3 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.562 Tsys: 362. Time: 58. min El: 60.3
N: 627282 10: 8961.00 VO: —26.50 Dv: —0.5079 LSR
FO:  115271.200 Df: 0.1953 Fi:  96408.0941
unknown doubtful
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Figure 6: Setup 2.3.

RECEI VER E090 12CQ(1-0) 115.2712 UO /ver UO /hor none
RECElI VER E230 12CQ(2-1) 230.53799 U /hor U LI /ver U
BACKEND VESPA 1 0.040 120.0 0.0 /rece E090 ver UO
BACKEND VESPA 2 0.040 120.0 0.0 /rece E230 hor LI
BACKEND VESPA 3 0.040 120.0 0.0 /rece E230 hor U
BACKEND VESPA 4 0.040 120.0 0.0 /rece E230 ver Ul
BACKEND FTS / DEF

BACKEND W LNVA / DEF
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4 E2HLI, E2HUI, EOVUI (or any other EOV band)

This is another special setup which may be useful to obs@rdtaneously in single-polarisation

mode, 12C0O & 13CO 2-1, plus one EO band.

1; 0 IRC+10216 Unknown Unknown 0:20—NOV—-2011 R:20—-NOV—-2011
RA: 09:47:57.29 DEC: 13:16:43.3 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.066 Tsys: 158. Time: 58. min El: 54.9
N: 736342 10: 28048.1 VO: —26.50 Dv: —0.5992 LSR
FO:  97701.3500 Df: 0.1953 Fi:  110203.406
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Figure 7: Setup 2.4

RECEI VER E090 13CQ(1-0) 110.20135 U /ver U L
hor U LI

RECEI VER E230 12CQ(2-1) 230.53799 U /
BACKEND VESPA 1 0.040 120.0 0.0 /rece
BACKEND VESPA 2 0.040 120.0 0.0 /rece
BACKEND VESPA 3 0.040 120.0 0.0 /rece
BACKEND VESPA 4 0.040 120.0 0.0 /rece

BACKEND FTS / DEF
BACKEND W LMA / DEF

E0Q90 ver
EO90 ver
E230 hor
E230 hor

/ hor
[ ver

L
U
L
U



3.

1;

E1/E3.

Using the inner lower or upper band of E1, only the lower irereat outer band of E3 can be observed
simultaneously.

1 E1/E3: E1LI, E3LI, E3LO (dual-pol)

O CALW3OH Unknown Unknown 0:01-DEC-2011 R:01-DEC—-2011
RA: 02:27:03.88 DEC: 61:52:24.5 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.042 Tsys: 176. Time: 38. min El: 48.6
N: 879076 10: 8961.00 VO: —45.00 Dv: —0.3983 LSR
FO:  146969.000 Df: 0.1953 Fi:  159470.888
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Figure 8: Setup 311.

RECEI VER E150 CS(3-2) 146.9690 LI /hor LI /ver LI
RECEI VER E330 noLine 314.587969 LI /hor LI /ver LI
BACKEND VESPA 1 0.040 120.0 0.0 /rece E150 hor LI
BACKEND VESPA 2 0.040 120.0 0.0 /rece E150 ver LI
BACKEND VESPA 3 0.040 120.0 0.0 /rece E330 hor LI
BACKEND VESPA 4 0.040 120.0 0.0 /rece E330 ver LI
BACKEND FTS / DEF

BACKEND W LMA / DEF

10



2 E1/E3: E1UI, E3LI, E3LO (dual-pol)

1; 0 CALW30H Unknown Unknown 0:01-DEC—=2011 R:01—-DEC—2011
RA: 02:27:03.88 DEC: 61:52:24.5 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.044 Tsys: 179. Time: 19. min  El: 45.4
N: 881892 10: 11777.0 VO: —45.00 Dv: —0.3983 LSR
FO: 146969.000 Df: 0.1953 Fi 134467.113
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Figure 9: Setup 312.

RECElI VER E150 CS(3-2) 146.9690 U /hor U /ver U
RECEI VER E330 NOLINE 314.587969 LI /hor LI /ver LI
BACKEND VESPA 1 0.040 120.0 0.0 /rece E150 hor U
BACKEND VESPA 2 0.040 120.0 0.0 /rece E150 ver Ul
BACKEND VESPA 3 0.040 120.0 0.0 /rece E330 hor LI
BACKEND VESPA 4 0.040 120.0 0.0 /rece E330 ver LI
BACKEND FTS / DEF

BACKEND W LMA / DEF
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4. EO/EL.
Together with E1, only the lower 8GHz band of EO can be obskirvdual-pol. Important application:
CS 2-1, 3-2.

1 EO/E1 dual-pol
1 EO/E1: EOLI, EOLO, E1LI (dual-pol)

1; O DR21 Unknown Unknown 0:20—NOV—=2011 R:20—NOV—=2011
RA: 20:39:01.29 DEC: 42:19:40.8 Eg 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.096 Tsys: 175. Time: 44. min El 32.8
N: 290654 10: 28058.6 VvO:  0.000 Dv: —0.5976 LSR
FO:  97981.0000 Df: 0.1953 Fi:  110481.037
unknown doubtful
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Figure 10: Setup 4.1.1.

RECEI VER E090 CS(1-0) 97.9810 LI /hor LI /ver LI
RECEI VER E150 CS(3-2) 146.9690 LI /hor LI /ver LI
BACKEND VESPA 1 0.040 120.0 0.0 /rece E090 hor LI
BACKEND VESPA 2 0.040 120.0 0.0 /rece EO090 ver LI
BACKEND VESPA 3 0.040 120.0 0.0 /rece E150 hor LI
BACKEND VESPA 4 0.040 120.0 0.0 /rece E150 ver LI
BACKEND FTS / DEF

BACKEND W LMVA / DEF
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2 EO/E1: EOLI, EOLO, E1UI (dual-pol)

;O CALW30OH Unknown Unknown 0:01-DEC—-2011 R:01—-DEC—-2011
RA: 02:27:03.88 DEC: 61:52:24.5 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.038 Tsys: 96. Time: 38. min El: 42.0
N: 287876 10: 28058.6 VO: —45.00 Dv: —0.5975 LSR
FO:  97981.0000 Df: 0.19583 Fi:  110482.886
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Figure 11: Setup 412.

CH5OH vt

RECEI VER EO90 CS(1-0) 97.9810 LI /hor LI
RECEI VER E150 CS(3-2) 146.9690 U /hor Ul

BACKEND VESPA 1 0.040 120.0 0.0 /rece
BACKEND VESPA 2 0.040 120.0 0.0 /rece
BACKEND VESPA 3 0.040 120.0 0.0 /rece
BACKEND VESPA 4 0.040 120.0 0.0 /rece
BACKEND FTS / DEF

BACKEND W LMA / DEF

13

E090
E090
E150
E150

[ ver
[ ver
hor
ver
hor
ver

LI
ul
LI
LI
ul
ul



2 EO/E1: EOLOH, EOLIV, EQUIH, E1LIV

This is a special setup, as only one polarisation of E1LI edu3here was one winter proposal
which had good reasons to argue for this setup.

20
15
10

1; 0 IRC+10216 Unknown Unknown 0:20—NOV—-2011 R:20—-NOV—-2011
RA: 09:47:57.29 DEC: 13:16:42.8 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.056 Tsys: 119. Time: 1.52E+02min El: 66.0
N: 290695 10: 28058.6 VO: —27.00 Dv: —0.5975 LSR
FO:  97981.0000 Df: 0.1953 Fi:  110483.085
unknown doubtful
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Figure 12: Setup 4.2.

RECElI VER E090 CS(1-0) 97.9810 LI /hor LO U /[/ver LI
RECEI VER E150 CS(3-2) 146.9690 LI /hor none /ver LI
BACKEND VESPA 1 0.040 120.0 0.0 /rece E090 hor LO
BACKEND VESPA 2 0.040 120.0 0.0 /rece E090 hor U
BACKEND VESPA 3 0.040 120.0 0.0 /rece E090 ver LI
BACKEND VESPA 4 0.040 120.0 0.0 /rece E150 ver LI
BACKEND FTS / DEF

BACKEND W LNVA / DEF
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3 Band edgesof E2 and E3

The following tests were done on 21-Nov, wital / sky no.

Testing the upper edge of E3, it was not possible to tune B%f UOor 350 UQ. This needs to be
further investigated.

Testing the lower edge, it was no problem to tune E3%@ LO. The bandpasses on the hot load showed
extra noise at frequencies near 279GHz.

Testing the lower edge of E2, we tuned202 LO. This worked, though H had to be tweaked by hand.

The upper edge of E2 worked without problergdgg4 UO).

4 Spectral featurein the vertical polarisation of E2

The vertical polarisation of E2 shows a broad spectra feaummarizing what we know about this so far.
It shows-up

only in the vertical polarization, never in horizontal.

on both sidebands: lower and upper.

at the same IF frequency (about 4.8 GHz) on both sidebands.

IF frequency of the feature doesn’'t change with small chamgé.O frequency.

e its width is about 100 MHz

It was first noted when observing EO/E2, showing-up in E2UHrM229GHz (15-Nov by G.Paubert).
This is seen with FTS and WILMA.

On 21-Nov, we did some tests on the hot and cold loads with/&gi no”. The broad feature is repro-
duced. It does not disappear when switching off the Gunn ¢fa@ it seems stable in IF near 4.83 GHz.
Further tests on 30-Nov, indicate that it stems from the drepbf the new vertical mixer inside the cryostat.

15



Vi [k s7]

2000 a —2000
30 ON {0, 0) Source: CALIRC+10216
a(2000) : 9" 477 57°.3
&(2000) : 13° 16' 42'.86
20 Date: 2011-11-15
Scan : 40
Telescope: IRAM 30m
Frontend: E230vUI
10 Backend: FTS
Line: 12C0{2—-1)
Frequency: 230.538 GHz
Procedure; onff
a [ *_ P T Switch mode: wabblerSwitching
Caolibration: Chanrel goins applied.
Ts scale applied.
Off subtracted.
Despiking: no
—10 Baseline: no
—20
229 230 231 232
sky frequency [GHz]
Figure 13: E2VUI with FTS
1, 0 CALW30OH Unknown Unknown 0:01-DEC—-2011 R:01—-DEC—-2011
RA: 02:27:03.88 DEC: 61:52:24.5 Eq 2000.0 Offs: +0.0 +0.0
Unknown  tau: 0.082 Tsys: 149. Time: 88. min  El: 59.1
N: 657332 10: 11777.0 VO: —45.00 Dv: —=0.5312 LSR
FO: 110201.350 Df: 0.1953 Fi:  97699.4588
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Figure 14: This feature showed-up also on 30-Nov in Setupi2 E2VUI.
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5 Power levels

When the power levels are too low, FTS spectra show a typarabdike structure, as reported by G.Paubert.

Vi [krm 57']
2000 Q —2000
ON (0", O Source: CALIRC+10218
«(2000) : 9" 47" 57°.3
: a{2000) : 13° 16' 42".86
Date: 2011-11-15%
Scan : 40
Telescope: IRAM 30m
0 Frontend: E230HLI
Backend: FTs
Line: 1200211
Frequency: 218.038 GHz
= =1 Frocedure; anQff
; Switch mode: wobblerSwitching
Calibration: Channel gains applied.
T, scale applied.

-2 Off subtracted.
Despiking: no
Baseline: no

-3

—4

217 218 219 220
sky frequency [GHz]

Figure 15: E2HLI with FTS
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