Chapter 11

Calibration in Practice

Anne Dutrey & Roberto Neri

IRAM, 300 rue de la Piscine, F-38406 Saint Martin ' Héres

11.1 Introduction

11.1.1 Contents of the account
At the first login on a mew project account, you should fnd fve divectories:

l. reporte: It contains all the pre-callbration performed by the Astronomer on Doty (Aol ) on the ste.
ThE subdimctory 15 In wad aceess only. For a glven observing date, you should find the Iolowing
com pressed fles: 25=1 eb=2001 =2007 . hpb. gz, the header flle eontaining the callbration curves of the
data; 28=-Teb=-2001=2007 . pe. gz, the PostScript il containing the result of this eallbration. Thk
e should be carelully read belore starting a new callbration. ehow=28=Leb=2001-x00T.ps g2 B
the PostSeript e corresponding 1o a first ook of the data. I Includes meteo conditions [wind,
mm of water, ystem temperature] but also pointing and focs ermors. In many cases, this e can
belp to imerpret dublous data. Thi file should alsoe he read carelully belore starting calibration.
The file 2007 . note are notes written by the Aol on the site. The fle B updated at each period of
pheervations. I gives Important Information abost the data guality amd possible problems.

2. headers: [ indtlally contains a copy of eports. Flles showld he imeompressed and data calibrea-
tlon slould be perlormed in this subdireciory. This s the delault directory of CLic, However
helore activating CLie, it I8 hetier 1o move 1o this subdireciory using the shell command: ¥ fed
fhesderst’.

3. maps: This subdirectory, empty at the beglnning, should contain at the end all the we tables and
the maps prodsced. Using the CLicproeedure " Weite A UV Table' ¥, the wi tables ame ereated by
default in this directory which s also the defanlt directory lor GRaPHic and Mappixa.

4. emp/DATA: This subdirectory contains the mw data fes [[PB) and thelr corresponding kg fes.
In the example presented above, it would contain: H2ZZEX00T . IPFE, HZZEXOOT.0ES, HIZEXDOT.RDIL.
Agcpess 1o this directory and 1o the mw data [les Is antomatically handled by CLic.

121



L2 CHAPTER 1. CALIBRATION IN PRACTICE

5 DATA: Most of the time this directory 18 empty. However, it can eontain some IPB files and thelr

correspomding log fes. Like In the case of top/DATA, s me B tramsparent. The reducer doss mot
e to know the exact loea tlon of the raw data files on berfhis aceount. CLic handles 1t for him Ter.

Mote that only the directories reporte, headers amwd mape are saved on ODroms by the automatie
pmeedure savpro].
11.1.2 Before starting the data reduction
The compressed PostSeript files In hesders contalning the callbration curves performed by the AoD
must he guazdipped and printed. Then, they must be camfully studied In order 1o determine the gemperal
quality of the data and find possible problems which are usually mentioped in the project. note file [eqg.
=007 . note ) written by the AoD durlng the pre-data reduction process.
11.1.3 Activating the CLIC environment
CLic Is avallable by iyping in the direciory headers
$ CLIC
Under CLic, there am several progedunes available:

1. File: To open a new beader (hpb) or data (IPB) fe
Raw Data File: To open a raw data filke [IPB)

Raw Data File Directories: To define the location of raw data e directorkes

Lol S

. First Leok: Imstrumental and meteorolegical conditions during the ohservations [see §2)

5'..1

Srandard Calibration (2 receivers): To calibrate raw data [see §3)

b

Self=Cal on a point source: To sclf calibrate the phase
Simple Check: To do simple checks on the data
Holography Redoction: To reduee holpgraphic data

= oEoo

. Write A UV Table: To produce the visibility table

Uselul procedures 1o callbrate data arel ) "'Firet Look®®, 2) "' Svendard Calibration (2 receivers)
toand3) "'Weirte A UV Teble®®.

11.2 The “First Look” procedure

The procedure *'First Look® " provides Information about the weather comnditions and a few Instrumental
parameters at the time of the olserations. The Information s very Important as it belps you to make
a first data quality assessment even belore you may start with the Interactive data eallbration proeed .
The panel of the proeedure s shown on Fig. 11.1.

Monioring information & provided on:

& Meteorology: the average amd maximum wind velocity, the amblent pressure and tem perature.
sty conditions and oleerations with wind velocitles above 10m /s may show up with high pointing
corrections. Take care to tag vEibillites which may be affected by such dificuli observing eonditions.

¢ Pointing and Focus: the applied ecorrections are shown lor all the antenmas in the amay. Only
differential varlations In the oorrections play a role, oot the absolute amount.  Sudden poloting
eorrections by more than 107 ean comsiderally spoil the viibllities, especially at the highest ohserving
frequencies. A similar eonsideration applies lor antenna focus correctlons, alihopgh visihilitles are
autpmatically corrected for phase offseis which are generated by locus cormetions
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Figume 11.1: “Flrst Look™ panel

& Totel Pewer: a trace of the total ingddent atmospheric power recorded by tle continuum deteciors
(one for each receiver, each one second), belps in fuoriber evaluating ihe daia quality. As a rule,
strong and rapid variations in the total power trace the presence of douds in the line of sight while
a sidden up- or down-stepping on one antenna and on ene ocelver Is a slgn of a remewed recelver
tuning. The total power Increasis o general with the air mass.

& Cable Phase: warlations In the electrical length of the cables show up in phase variations [referenced
to ihe LO2 phases). These are measured by a phasemeter. A ppropriate corrections for the phases of
the LO1 rotators ave computed taking ntimes the correetions measured hy the phasemeters of the
Amm recelvers and 3n times the corrections measured by the phasemeters of the 1 mm recelvers,
where 71 I8 the harmonic number of the tuned freguency. Strong and rapld varlations while a souree
is tracked may indicate a fault in a cable (these data should perhaps be Qagged), whereas a sudden
bt steady change I8 mostly related 1o a shift in the antenna polnting,

¢ System Tempersture: dependent on the eheerving conditions and on the reguency. As for the total
povwer detectors, strong and rapld varlations in the system tem perature trace atmespleric nstahility,
whereas a sudden bt steady change on one recelver s a sign of 2 moewed recelver tunlng.

& Water vapor: the content of precipitable water vapor In the atmosplers Is a critical parameter on
which the quality of mest of the high frequeney observations depend. Should the measumd water
vapor content not be consistent (or roughly) on all the high frequency receivers, please check the
regelver gain.

Finally, the “First look™ procedure prodisces a short 1t of all the scars recorded at the time of the
eecition of a project. Such a lsting allows you to trace hack the sequence of operations during an
abserving run. Mote that the range of scan valldity for the callration procedure sets up with the last
GAIM scan In the short 1ist.

Looking at the results of the procedure (called in the exam ple above show=28=1 eb=2001 =007 . ps. gz)
should be done slmultaneasly with the reading of the project. note Gle (here <007 . nete).

11.3 The “Standard Calibration (2-receivers)” procedure
We deseribe bere, step by step the Inputs and actions (or outpuis] of the procedure * 'Standard Calibrat ion
(2 receivers) **. The assoclated panel ls given in Fig.11.2.

11.3.1 Inputs

On the panel, the reducer should select with the mouse the "*File name'* of the header fe. Other
parameters am aulomatically selected by the procedune if the fag " "Uee previous settings®* is sl to
YES which s the default. Never change it if your data are correct (no editing). The pammetes *'F irst
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Figure 112 “Standard Calibration (2 recelvers)” panel

and last scan'’ areselecied automatically when *"Use previous settings’ *lssel to YES. The defanl
walue for the lag Min. Data quality & AVERAGE. The flag * *Use Phase correction®* must also be setto
the default: YES The cwrrent procedum wses by defanlt the phase callbration of the receiver 1 to ealibrate
the irstrumental phase of the receiver 2 becaise the experience has shown that it is the more efficient way
to procesd (see B Lucas lecture on phase ealibration). Therefore, the calibration of the regelver 2 (1.3 mm)
cannot be dissoclated fom the ealilvation of the recelver 1 (3 mm) and the lag " ‘Receivers numbers’*
must be get to 1 2, except when observations were done at Jmm only

Finally, the inputs * "il Fluxes®' and "'R2 fluwees '’ are associated (when meeded) o the action
EFF)

11.3.2  Actions or OQutputs
T calibrate your data, you need to de te following actions leading to the output calibration, In order:
1. SELECT: Select the calibration parameters
2. PHOOR: Radiometric phase eorrection, equivalent toa " "Monitor 0%, see A Duirey leciure.
3. RF: Radio Freguency callbration
4. PHASE: Irstrumental phase calibration vwesus time

5. EFF: Efficiency (Jy/K) callbration, to determine the A densities of the amplitude calitrator. The
lmputs * 'RL Fluxes® ' amd *'RE2 Fluzes!' should be wsed here.

6. AMP: Amplitude callbration vesus time

T. PRINT: To produce the LaTeX and PostSeript fles containing the eallbration eurves [eq.
28 =eb =200 1=-x 007 . ps).

By typing G0, all the actions listed above are done sequentially. The reducer has 1St to type cont inue
under CLic {or use the “Contimee™ button in the top left mem) at each step of the ealibration process.
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11.3.3 Hesults of the calibration

After a lew general comments about quality of the data, Ineluding the measprement of the seelng [deduoed
from the rms of the fit of the tem poral phase ), the pages | and 2 summarize the calibmtion as lollows:

& hl.1 The estimated Die demsities of the ealllrators at the olsered Teguencles.

# §1.2 The efficlencles of the antennas for Recelver 1 and 2 [(which are dedueed by fxing the Qe of
one or several calibrators).

# 1.3 The hour angle ohserved on the souroe

# §l.4 The table of the rms obtaimed on the RF calibration for recelwers 1 and 2 In both wpper and
lower sldehands

# EL.S The table of the rms obtained the temporal fit for the phase and the amplitnde per haselines.
Mote that lor recelver 2, the rms glven in Col.l I8 exactly the product of eguency ratlo (rece 2/ rece
1) times the rms obtained on recelver 1 becase the phase on the recelver 1 B wsed to calibrate
the phase on the reeelver 2. Alter applylng this phase correction, a second fit I8 performed on the
residuals, is rms is dieplayed on Col 2. Col3 gives the rms obtaimed on the amplitede (in 5).
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