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1 Intro duction

The purposeof this documert is to serve asa concisehow-to guide for obsenations and data reduction using Arecibo's
GALFA spectrometer (GALSPECT). The information hereis limited to the basicswhich are neededto operate the
telescope and to reduce the data from your obsenations. This document is not intended to provide a complete
understanding of the GALFA projects nor GALSPECT. More detailed information on many aspects of GALFA is
located on the GALFA website'. Someof the more commonly used documerts from the website are listed here.

GALF A Spectrometer: Setup, Op eration, Basics (Heiles, Tang, Mo ck 2004)?

GALF A Spectrometer Operating Man ual (Je Mo ck, 2004)3

GALF A Consortium Guidelines 4
For more general information on observing with the Arecibo telescope chedk User's Man ual for Arecib o Ob-
servations and The Control Interface Mo dule for Arecib o (CIMA) , both documerts can be found at

http://www.naic.edu/%7Eastro/ . All GALFA's memos,including the latest version of this documernt, are located
at http://alfa.naic.edu/galactic/do cs/ .

1.1 Nomenclature
In this documert we adopt the following type styles for various les/directories commonly referred to:

directory namesare givenin italics,
codes, as well as computers, are givenin bold,
simulated typed text is givenin typewriter fonts,

namesof particular sampleobserving les are given with SansSerif fonts.

Ihttp : ==alf a:naic:edu=galactic=al f a_galactic:html
2http : ==alf a:naic:edu=g al actic=docs=gal spect3:ps
Shttp : ==alf a:naic:edu=har dwar e=backend=galf a=

4http : ==alf a:naic:edu=g al actic=meeting 3=Galf a_Guidel ines _Aug 17:html



2 Before observing

2.1 Planning your observations
2.1.1 As primary observer

The rst stepin planning a set of obsenations is to consult the GALFA Archive in order to determine whether the
desiredregion to be obsened (or a portion of it) hasbeenobsened already. In the near future it will be possibleto
query the Archive directly (seeprogram plotobserv ed in Appendix C), for now the bestis to chedk GALFA's web
pageat UC Berkeley (http://astron.b erkeleyedu/~ sstanimi/GALF A/galfa page.iml) for a list of obsened projects
and positions. Alternativ ely, sendan e-mail to Snezana Stanimirovic (sstanimi@astro.terkeleyedu), Mary Putman
(mputman@umich.edu), or Carl Heiles (heiles@ermi.berkeleyedu).

The next thing to decideis the observing mode. The preferred mode for GALFA obsenations is the basket-weave
scanning. However, for sourcesthat spanover a small RA range, or for commensalobserving with various E-ALFA
projects, a drift-scanning observing mode can be used. A more detailed discussionof di erent observingmodescan
be found in Section2.3.

For the basket-weave scanning there are 6 viable gears(speeds)that can be used. Each gear will scanthe sky at
a dierent rate. If we take a Nyquist pixel to be 1.8° on a side then the equivalent per pixel integration time and
required rotation angle for ALFA (to produce a regularly sampledmap) are:

GEAR Integration Time (sec) ALFA angle (deg)

6 2.4 0
5 4.1 30
4 8.3 30
3 9.6 0
2 12.0 0
1 12.4 30

If the fastest gearis insu cien t for a particular project then it is possibleto use a lower gear or to re-obsene the
region multiple times at faster gears. Due to the nature of basket-weave scanningthe former solution requires fewer
days with more hours of observing per day while the latter requires more days with fewer hours per day. It will be
necessanto provide this information on an observingproposal. It should be noted that it is rather ine cien t to use
basketweaving to map regionswhich are smaller in R.A.

The preferred method for obtaining a referencespectrum for GALFA obsenations is basedon the Smart Frequency
Switching (SFS) technique. SFS obsenations should be obtained before and after each day's basket-weave (or a
drift) scan. As eventually all GALFA obsenations will be combined together to produce a large map, it is necessary
to complemert GALFA obsenations with the SFS calibration. With the usual setup, once on source, the SFS
calibration takes only 3{4 minutes. The need for this additional observing time should be accourted for when
applying for observingtime.

As a generalrule of thumb, the neededobservingtime for eac day will be equalto the R.A. extent of the map and
one day of observingwill be required for every half degreein Declination using the fastest gear. However, the best
and easiestway to get the time requiremerts for a particular basketweave project is to usean IDL program called
BW _fm (seeAppendix for full desription). This program will provide starting and ending LST times for ead day's
obsenations, and the total number of days required to cover a certain region.

2.1.2 As a commensal observer

When observingcommensallywith another ALFA project we may not have cortrol over the pointing of the telescope.
It may be necessaryto coordinate with the primary obsener on a few issues:



The selection of the certral frequency will e ect the LO1 frequency and respectively GALSPECT's LO2
frequency This LO2 frequencyis determined (and speci ed when starting datataking) in order to certer the
HI line properly within the GALSPECT's narrow (science)band. An exampleof how to calculate GALSPECT's
LO2 frequencybasedon the selectedcertral (sky) frequencyis givenin Section2.3.3. A more detailed discussion
on GALSPECT can be found in the documert GALF Aspectrometer : Setup; Operation; B asics.

GALFA obsenations require SFScalibration. This takesadditional 5 mins, and both primary and commensal
obseners should remind the Telesco Sdcheduler of this need.



9.0

8.5

)

i

|

8.0

)

i
i
i

il
:m‘

i

7.5

Declination (decimal degrees, J2004)

7.0 L L L L | L L L L | L L I I | I I I I
23.45 23.40 23.35 23.30 23.25
RA (decimal hours, J2004)

Figure 1: Example basket-weave scans.

2.2 Observing modes

The preferred observing mode is basket-weave scanning (or meridian-nodding). This observing mode consists of
observingat the meridian and moving the telescoge only in zenith anglewith a givenrate, covering a zig-zagpattern

on the sky asthe Earth rotates. On consecutive days adjacen, shifted scansare obtained, and the whole region of
interest is slowly covered. The main advantagesof the basket-weave scanningtechnique, over other more traditional

scanning techniques, are: fast coverageof a large area of the sky, the elliptical ALFA beamsalways have the same
orientation, inter-woven scanshave many crossingpoints that allow a ne gain adjustment, and transit obsenations
limit contamination from variable sidelobes. Figure 1 shows an example of two basket-weave scans. The ALFA
rotation angleis chosento keepthe equidistant separation between ALFA beamswhile scanning. A list of possible
scanningrates and appropriate ALFA rotation anglesis givenin Section2.1.1. While scanningspectra are recorded
every second. The separation between ALFA beamsis about 1.79 arcmins, closeto Nyquist sampling, and it does
not depend on the scanningspeed.

Another observingmode usedoften, especially when observingcommensallywith E-ALF A projects, is drift-scanning.
The “User'sManual for Arecibo Obsenations' explains the traditional drift-scanning mode. The type of drift-scans
usedfor E-ALFA's ALFALFA project is explained in detail in Giovanelli et al. (2005, astro-ph/0508301).

The preferred way for obtaining a referencespectrum for GALFA HI obsenations is the SFStechnique, details can
be found in Heiles (2005, GALFA Tednical Memo 2005-01).



2.3 Preparing observing les

In general,you will needfour observing les and they should be placedin your project's directory in Arecibo:
/share/obs4/usr/aXXXX . The rst le providesthe IFLO setup information (we call it .gui le), the second le
provides sourcecoordinates and velocity information (so called catalog le) { whenscanningsourceinformation refers
to coordinates of the starting positions for basket-weave/drift scans,and the last two les are command scripts for
running the SFScalibration and basket-weave/drift scans.

23.1 CIMA .gui les

This is a simple IFLO setup le that species the certral frequency for your obsenations. At the momen, GAL-
SPECT can be operated only together with the Wideband Arecibo Pulsar Processor(WAPP) { the spectral-line
badkend commonly usedfor obsenations with the Arecibo telescope. The CIMA .gui le givesthe certral frequency
for all WAPP units (one for eadh ALFA beam), sets their bandwidth to 100 MHz, and the maximum number of
channelsallowed (4096). However, all that really matters here for GALSPECT s the certral frequency Remenber
that GALSPECT hasa xed con guration | a bandwidth of 7 MHz and 8192channels| and you do not needto
worry about setting these parameters.

CIMA is capableof loading a pre-existing .gui le which canthen be easily modi ed. Seweral sample.gui les canbe
found in /share/galfa/scripts/CIMA guiles. Most likely you will be able to simply copy one of these les into your
observing directory, the only parameter that matters is the certral frequencyfor your obsenations.

For GALFA projects doing basket-weave scanningthe appropriate certral frequencyto useis 1445.4057MHz
and the appropriate setup le is galfaio.gui.
For projects doing commensalobserving with an E-ALFA project, the appropriate certral frequencyis 1385

MHz and the appropriate setup le is togs.gui

In the caseyou wish to examinethe setup les and/or make somechanges,pleaseremenber that you canrun CIMA
o -line harmlessly from any Arecibo machine. Here are somebasic instructions on how to do this:

1. Copy over a sample.gui le from /share/galfa/scripts/CIMA guiles to your project directory
(/share/obs4/usr/aXXXX/ ).

2. Start CIMA by typing cima at the commandprompt on any Arecibo machine without loggingin asthe obsener.

3. On the window titled Start New CIM A Session Il in the project number, obsener name, select Line
Observing mode and click Accept.

4. To load the sample.gui le:

(@) On the window titled CI M A Observer% I nter f ace click on Load=Save State.

(b) In the CI M A Generic Save=Load State window click on Load a Saved State and selectthe sample .gui
le you copiedto your project directory.

5. Make whatever changesneedto be madein CIMA asyou would for a real observing run.

(a) Likelythe mostcommonchangethat will needto be madeisto the IF/LO parameterswhich canbereaded
by: CIM A Obserer% | nterf ace>> Receiver | F=LO Control > NEW | mproved | F=LO Setup

(b) Remenber to click on Apply this Setup to apply the changes

6. Save the new con guration to a new .gui le.



(@) On the window titled CIM A Observer% I nter f ace click on Load=Save State.
(b) In the CI M A Generic Save=LoadSate window click on Save Selected Choices.

(c) In the new Save Correlator Configuration window selecta new lename and Commert and click on
Save Configuration.

7. Exit CIMA by clicking on the Exit N ormally button in the CI M A Observer% I nter f ace window

2.3.2 Basketweave les

Program BW _fm createstwo CIMA command les, called ptl and pt2, and the catalog le, called _sources You will
have to run this program for eat observingday separately, createthesethree les, and copy them to your observing
directory /share/obs4/usr/aXXXX . In order to optimize observingtime, BW _fm producesse\eral starting positions
(at dierent LSTs) for eath basket-weave scan. The script pt2 cheds the current LST when it is ready to start
scanning and then choosesthe most appropriate scanto obsene, as well as the most appropriate starting position
for the chosenscan. After eat day's run the cimalog le should be examinedto gure our which exact scanwasrun
and, if satisfactory, this scancan be excludedwhen making observingscripts for the following days. It is wiseto keep
track of all scansthat run successfullyand make sure that by the end of the observingrun all scanswere completed.
This way you will avoid having annaying gapsin your map. In order to avoid clutter and possibleconfusionit may
be smart to only placethe les necessaryfor any given day on that day.

An example of running BW _fm is given here:

BW_fm,'ms', 22.73, 13.9, 13, 0.80, 5.8, 7, oe, oc, et, slIst, elst,
gear=5, file="testfile' , days done=[0, 1, 2, 3]

but seeAppendix C.1 for the explanation of all input parameters.

2.3.3 GALSPECT les

Before you start observingyou alsoneedto command GALSPECT to start taking data. This involvesgiving seeral
input parameters, and can be done manually. However, using a simple script for this purposeis more e cien t and
lesserror-prone.

For instructions on how to log in into GALSPECT pleaserefer to the Appendix B. It is highly recommendedthat
you consult the GALF A Spectrometer : Setup; Operation; Basics documert from the GALFA website for detailed
documerntation on running the spectrometer before writing any scripts to GALSPECT.

Besidesyour project's name, the only other important parameter is the certral sky frequencyfor your obsenations.
A selectedcertral frequencyresults in the selectionof a particular LO1 frequency and this re ects on the required
LO2 frequencythat needsto be givento GALSPECT to position its narrow band window exactly on the hydrogen
line. Remenber that GALSPECT takestwo spectra simultaneously: a wide (calibration) spectrum, covering 100
MHz with 512 channels,and a sciencespectrum covering 7.14 MHz with 8192 frequency channels.

For a given certral frequencyyou can calculate the LO2 frequency from:

LO1=central_freq + 250 MHz
LO2=(LO1-1420.4®) - 18.75 MHz.

The LO2 frequencyis neededto start datataking, aswell as for setting levels on GALSPECT. For example, if your
certral frequencyis 1385MHz, then GALSPECT's LO2 is 195.845MHz. To set levels, you will needto type (in an
xterm window on galfal):



gdiag -newdac=10 -102=195.845
To start taking data, for example for project togs, you will need:
gdiag -galfa -vnc -scram -l02=195.845 -sdiv=600 -proj=togs

These command can be given as scripts, the above lines can be found as /var/levels_togs and /var/togs, respec-
tively, on the galfal computer. Other sample scripts can be found in /var/samples/ directory. You may mod-
ify these short scripts and place your own versionsin the =var= directory on galfal. GALF A Spectrometer :
Setup; Operation; Basics document explains what all other parameters mean (although you most likely will not
needto changethem). For example,-sdiv=600 species that a new ts le will be written every 600 sec.

IMPORTANT NOTE: There is no o -line method for testing your scripts without actually executingthe commands
cortained within them. You should not test your scripts while another user may be using the spectrometer. An

easyway to chedk whether someoneelseis using GALSPECT is to issuethe ps command and watch for any gdiag

processes.



3 Observing

You can conduct your obsenations in seweral ways. The most common way is by being presern in Arecibo and
operating the telescope from the control room. Another frequertly usedway is by operating the telescope remotely.
Remote GALFA obsenations are undertaken commonly and with a great success.Once your program has started
and you are for example doing a di erent basket scanday after day, it is possibleto continue running obsenations
in absertee. This way telescope operators will be operating the telescope and GALSPECT for you, while you can
monitor data remotely. If you decideto obsene in this way, you should providing detailed instructions, as well as
sometraining, for telescope operators. Also, it is important that you call before the start of ead observing run to
make sure everything is working smoothly. All three methods have beenused for GALFA obsenations frequertly
and successfully

3.1 Observing in Arecib o
3.1.1 As aprimary GALF A user

Before you start ched with the telescope operator that the ALFA cover has beenremoved. The observing consists
of seweral steps:

1. Log in to the main computer, observ er2, and start CIMA in the usual way.

2. Run the rst command le (ptl) | this will load the IFLO setup le (.gui) and drive the telescope closeto the
starting position.

3. In the meartime, log in to GALSPECT (this really means galfal computer), run the diagnostic script
(/var/diag), then run the script to set GALSPECT's levels (e.g. /var/levels), and then start the datataking
script (for examplewith /var/togs).

4. On CIMA, load and run the 2nd command script (pt2) | this will run the calibration rst (SFS) and then
start the rst available basket-weave scan.

5. Monitor data through either the general Arecibo's monitoring program called Quic kview or by using GAL-
SPECT's display software.

6. When observingis nished, stop the datataking script on GALSPECT's xterm window (by typing Control-C),
and exit normally from CIMA.

More detailed stepsare given in the Appendix A.1. What to look for in the display? Quic kview will show spectra
coming from all 7 beamsand having a bandwidth of 100 MHz. There are a lot of clickable options for changing
display that are easyto understand on-line. The GALSPECT's display can show either wide- or narrow-band spectra.
In the wide spectrum display you will seea gray band emphasizingthe part of the spectrum where narrow band is
certered. This gray window should be positioned at about 1/4 of the wide band and you should be able to seethe
Galactic HI right in the certer of this band. If the line is not positioned properly then somethingis not right with
your LO2 setup.

Also, watch the \A O Obsener Display" window for error messageslf you notice that information in this window is
not regularly updated you may needto re-start WAPP units, Appendix A.1 shows how to do this.

3.1.2 As a commensal GALF A user

At the momert there is onelarge commensalproject going on, TOGS, running commensallywith ALFALFA (a2010).
The observing procedure consistsof:
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1. Starting GALSPECT by the Telescom Operator.

2. Running the 1st calibration script at the start of the E-ALFA run by the current obsener.
3. Running the 2nd calibration script at the end of the E-ALFA run by the obsener.

4. Stopping GALSPECT at the end by the Telescop Operator.

A more detailed chedlist can be found in Appendix A.2.

3.2 Remote Observing

General instructions for remote observing with the Arecibo telescope apply also for remote GALFA obsenations.
The latest instructions (general) can be found at: http://www.naic.edu/%7Eastro/ under "Observing'. Remenber
that it is required to always call the Arecibo control room 15{30 min before your observingrun to let the telescope
operator know your plans. All observing scripts will be usedin the sameway as if you are observingin Arecibo.
The only di erence is concerning data monitoring. The general Arecibo's monitoring program Quic kview is at
the momert too slow to display remotely. Using GALSPECT's display is easier,however it requires having VNC
View er installed on your computer.

Important note: it is recommendedto run VNC View er only for a few minutes at the beginning of your remote
sessionasthis program may a ect datataking.

For a Mac laptop/desktop computer you can download a free version of VNC View er from
http://homepage.mac.com/k edoin/VNC/VNCView er/ . In order to provide a proper channeling of information
for VNC a slightly more complicated command hasto be usedwhen logging to galfal

ssh -L 5900:galfal:590 0 username@remot@aic .edu

This will bring you to remote@naic.eduthen you needto get to galfal with:

ssh -i galfa_key galfa@galfal

When you start observing, start your VNC Viewer and open the “Display’ window. Make sure that the rst
line in this window shows:

Hostname:displa y: localhost : 0O
the rest should be set with default parameters. Then click on "OK'. If the datataking has already started
you will seea spectrum on your screen. You can then use usual keysto change this display, chedk \GALF A

Spectrometer: Setup, Operation, Basics" for available options. For closing the display closethe window, never
press ' inside this window as this will stop the datataking script.

For a Linux laptop/desktop, askyour systemadministrator how to download and install VNC View er. In an
xterm type:

ssh -t username@remotmaic .edu ssh -t galfa@galfal
to connectto galfal. To start VNC View er, in another xterm type:
vncviewer -via username@remote.@i c.e du galfal:0

If you do not have VNC View er installed on your computer, you can still run it remotely from Arecibo. This
will be a bit slow, but it will work ne. In an additional xterm window connectto Arecibo with:
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ssh -X username@remot@aic .edu

then simply type vncviewer galfal onceyou start observing.

If all fail and you can not get the display on your screen,you can ask the telescope operator to open GALSPECT's
display in Arecibo for you and make sure the hydrogen line is positioned in the right place. In the near future an
IDL program will be provided as an alternativ e way to monitor data.

A useful program to run during a remote observing sessionis monpn t. In an xterm window on observer2just type
monpntto start it. This will show current telescope pointing and time information.
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4 Data Reduction

All data les obtained with GALSPECT are stored in Arecibo in /share/galfa . If you are doing data reduction in
Arecibo (locally or remotely), you will log in to remote.naic.edu rst. Make sureto sshto fusion00 or fusion02
beforeyou start, asremote is very slow.

4.1 Quick examination/plotting of data

Make sure you have source-edthe right .idlenv le. Start idl. An exampleof how you can quickly opena ts le and
plot spectra is:

IDL> file='/share/gal fa/galf a.20050817.t 0ogs.0011f it s'
IDL> mi1=mrdfits(file, 1, hdrl)
IDL> plot, m21[300].data

\m1" will be an idl data structure and this will plot the 300th spectrum. In the near future sewral other tools for
quick data examination will be provided.

4.2 Data reduction for basket-w eave scans

This document makesa few assumptionsabout the data you are interestedin reducing. You must have accesgo an
updated /gsr directory (currently available in Arecibo and UC Berkeley), and have your IDL setup correct for data
reduction (seeSection5). The data you are interestedin reducing must have beentakenwith ALFA and GALSPECT,

and must have beenaccompaniedby a SFS calibration scan. The data must be taken with the basket-weave CIMA

technique. The data are signi cantly easierto reduceif CIMA command les were generatedwith BW _fm (see
Section 2.1, 2.2), but this is not crucial.

4.2.1 Preparing your data

To simplify the reduction processwe set up a directory structure { this helpsthe code be sure where everything is.
The directory structure is regularized via a piece of code called mak e_dirs , which is run as follows:

IDL> make_dirs, maindir, project, names, days

“maindir' is the directory the whole thing falls under, “project' is the project name that GALSPECT usedto write
the ts les, ‘names'are the namesof the di erent areasdonein the one project (can be a single entry), and “days'
are the number of days eat onetakes. The directory structure it generatesis showvn graphically in Fig. 2. The ts
les will be automatically transferred into the =fits directory.

4.2.2 Stage 0 data reduction

The stage0 data reduction takesthe data in raw form, removesthe IF bandpass(seeHeiles2005, GALFA Tednical
Memo 2005-010on how exactly this is done), doesa rough gain calibration to put the data into temperature units,
doesa doppler correction to the LSR, nds the data that are during your BW scanand savesthem to an appropriate
folder. The data are organizedby day numbers{ if there are 11 days in your scanpattern your days will go from 00
to 10, and the data for eat day will residein foldersin =this=is=my =dir ectory=proj=regx=regx_n. As a byproduct,
ead . ts le will have a corresponding .mh le that will live in =this=is=my =dir ectory=proj=mh=and eat day will
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/this/is/my/directory/proj

\

\\\M\-‘

/fits /rega /regb /regc

T

/xing /rega_ 00 /rega 01 /rega 02 L. /1lsfs

Figure 2: The le structure generatedby mak e_dirs, “/this/is/m  y/directory/", ‘proj, [rega’, ‘regb’, ‘regc],
[5,6,8]

have .Isfs le that will live in =this=is=my =dir ectory=proj=regx=Isf s. The reduction of the data doesnot require
you to know where all thesethings are { this is only for enrichmert.

There are 2 ways to run the stage zero reduction process: stg0.pro and stg0 _st.pro . stgO _st.pro is by far the
easierof the two, asit relies upon a structure output from BW _fm for much of the information. If you are in a
more complicated circumstance, or you do not have this structure available, usestg0.pro .

IDL> stg_0, year, month, day, proj, source, maindir, $
startn, endn, slst, elst, scan, cyc_time, Ifn=Ifn, nomh=nomh$
calfile=calfile, stops=stops

Most of theseinputs are either self-explanatory, or can be read about by using:
IDL> doc_library, ‘“stg_0'

but someare a little subtle. “sist' are the starting LSTs of the obsenation, as predicted by BW _fm.pro . “elst' is
the ending Ist of the obsenation, and in most circumstancescan just be found from the output of BW _fm, asis
explainedin the commernts of the code. If, though, the obsenations were terminated early, but the spectrometer was
left running for sometime, it is bestto put in the LST at which the BW was terminated, to avoid adding data to
your map taken in somealien observing mode.

The inputs to stg0 _st are simpler becausea lot of the information is handled by the data in the outputs of BW _fm:

IDL> stgO_st, year, month, day, proj, scan, maindir, redst,
nomh=nomh delay=delay

‘redst' is the output of BW _fm by the samename, and "delay’ allows one to specify if this particular scanwas

started not on the rst up-down-nod (‘Lambda’) but at the beginning of a later scan. Note that if one had the scan
truncated (as described above) and needsto choosean appropriate elst, one should use stg0, not stg0 _st.
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4.2.3 Crossing point calibration

Crossing point calibration exists to gaugethe gain of eadh beam for eact day, as a function of time for eac day.
At presen, crossingpoint calibration can only be done on a cortiguous number of scansstarting at day 0, though
this quirk may be xed in future releasesof the software. The crossingpoint code (referred to as xing ) has a few
phases.First, all the crossingpoints must be found, with a code called xgen.pro . This is a relatively fast procedure.
xgen.pro takesa standard set of inputs:

IDL> xgen, root, region, scans, dates, proj

and works on an entire region, rather than a day at a time, asin stg0. Again, the details of how the inputs are
formatted can be found with doc_library , but they are pretty simple. After xgen is run, all of the spectra must be
loadedinto the crossingpoint les, with a code called Ixw.pro . Ixw.pro is called similarly:

IDL> Ixw, root, region, scans, Pproj

with all the inputs identically formatted. This takesa signi cant chunk of time, becauseead .sav le must be read
a few times to load all of the spectra. The relative point-to-p oint gains must then be determined with a code called
X t.pro

IDL> xfit, root, region, scans, proj, nhoauto=noauto, conrem=conrem

“conrem’ would only be setif the data had not had their corntinuum subtracted in the previous stages,and “noauto'
would only be setif for somereasononedid not want to computethe t for crossingpoints within a single le. Both
of these should be considered engineering'modesthat should never needto be invoked.

Then all of thesegains must be put into a giant least-squaresmatrix by a code called Isfxpt.pro

IDL> Isfxpt, root, region, scans, $
proj, degree, mra, dra, xarrall, vyarral, $
fourier=fourier, daygain=daygain

There are a few major options in Isfxpt.pro , including the choice of the degreeof polynomial to t to the varying
gainsin time and whether to explicitly include a day-to-day gain changefor all beams. It is not yet known what
degreeof polynomial is best to choose(a reasonablerange might be 2 - 8), although it doesseemdesirableto allow
day-to-day wholesalegain changeswith the =daygain ag. We have also implemented Fourier decomposition of the
gain variations to supplant, or complimert, the polynomial modes. To usethis feature, set the fourier ag to [n,m],
where n is the lowest fourier mode of interest and m is the highest fourier mode of interest. This code should run
rather quickly.

Oncelsfxpt.pro hasbeenrun, the code must determine the coe cen ts by inverting the equationsof condition matrix
and determine the correction factors for ead data point. This is donewith a code called xg -assn.pro

IDL> xg_assn, root, region, scans, proj, fitsvars
The rst four options here are very straight forward, and " tsv ars' is an output of all the diagnostic information for

the SVD matrix inversion. It is not an essetial data product of the reduction process. This code can take a long
time asit needsto invert a sometimesvery large equations of condition matrix.

4.2.4 Gridding

NB: Gridding is currently in an Alpha release { The code does not yet have all of the desired
functionalit y and may have outstanding bugs.
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Finally we reach the end { the gridding process. The gridding processhas two major parts { the assignmen of
intensity from time ordered data to grid points and the construction of a data cube from the raw data given this
assignmen. This process,in total, consistsof four routines. First, two preliminary routines, xingarr and to darr
just compile the correction data and the pointing data into two simple les, to be read by the other routines.

IDL> todarr, root, region, scans, proj
IDL> xingarr, root, region, scans, proj

Run these two before running gridzalfa.pro and make_grid.pro . Gridzalfa has a storied lineage; gridzilla,
AQ_gridzilla, ao_gridzilla_GALFA and, now, the somewhatmore sonorousgridzalfa. The basic product of gridzalfa
is a sparsematrix that relatestime-ordered-data points (TODs) to grid pixels, without loading in any actual data.
This matrix can then be multiplied by a data vector to produce a map with any binning or channel range desired,
in mak e_grid.pro .

IDL> gridzalfa, indata, FWHM=fwhnXGRID=xgrid, GRID=grid, $
IMSIZEX=imsizex, IMSIZEY=imsizey, REFRA=refra, REFDEC=refdec,$
GEOMETRY=ge@OUTNAME=outnamASSOC=assocGFUNC=func,OBSERVER=0bsenve

Clearly, there are many important parametersherein terms of de ning the areaof your map, the type of beamshape
you wish to useand soforth. An example call might look like:

IDL> gridzalfa, = mht, fwhm=3.2, xgrid=[1.,1.], grid=1.5, imsizex=1024, $
imsizey=512 , refra=[2.,15.,0.] , refdec = 1[9.,45.,0], geo='sin', $
outname='/export /dz d4/heil es/gsrdata/A2011/lwa/s prsl wa.sav', dfunc='gau’, observer='josh'

Where the “'mht' parameter is the data stored by to darr.pro . The details of what ead of the parametersmeansare
detailed in the code itself, and exactly which to chooseto have the best mapsis yet to be optimized. The code has
beenoptimized for speed{ 11 hours of data takesabout 30 secondsto run.

Oncethis hasbeenrun, it is time for the nal gridding step: mak e_grid.pro

IDL> make_grid, root, region, proj, mhtin, spmatin, spcen, sprng, spavg, gridfile, corin=corin
‘mhtin' is the le namefor the results of to darr.pro and “corin' is the equivalent for xingarr.pro . “Spmatin’ (sparse
matrix in) is the sparsematrix le from gridzalfa . The “spcen’, “sprng' and “spavg' determine which channelsto
grid and how to averagethem, if averagingis desired. Seethe code for exact usage. The code can take a very long

time to run { there is a lot of matrix multiplication and so forth. The code makesa le in the region directory that
cortains the nal data cube. In future versionsthis will bein a ts format aswell, but currently is an idl .sav le.

4.3 Data reduction for drift scans

Coming in the near future.
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5 Software setup and paths

All GALFA related data, codes,and documertation available in Arecibo are locatedwithin the /share/galfa/ directory
and its subdirectories. In order to accesata les you must have your own useraccourt at Arecibo®. Onceyou have
an accourt set up, you should sourcethe /share/galfa/.idlenv le from your .bashrcor .cshrc(or whatever you use)
le. This will appropriately con gure all the IDL paths and variables so that you may use all the GALFA related
IDL procedureswith ease. The /share/galfa/.idlenv le will always point to the most recert stable versionsof the
reduction codes, however older versionscan be found within the subdirectories in which those proceduresare located.

A short description of the directory structure within /share/galfa/ follows.

/share/galfa/ Main Directory contains all GALFA raw data les and the current .idlenv le.
/share/galfa/ar chive/ The GALFA Archive and related codes

/share/galfa/galfamh/ mh les containing modi ed headersfor all archived data
/share/galfa/gsrX.X/ GALFA HI date reduction codes(X.X is the version number)
/share/galfa/scripts/ Various samplescripts and les

/share/galfa/planningcode/ Codesand routines usedin planning and preparation for observingruns.

All les that areto be usedduring obsenations should be placedin the relevant project directory. For any approved
project the project directory is /share/obs4/usr/ < projnum>/ where < projnum > hasa form aXx X X X . This is
the directory where CIMA will look to nd all project related les and scripts.

6 The GALF A Arc hive

For future usesand storageof GALFA obsenations we have developed the data archive (GALF A Archive). Currently,
the Archive contains all data les obtained with GALSPECT since Nov. 4 2004 with a full headerinformation.
The archive itself is stored ertirely in simple ascii text les to allow for versatility and simplicity. These les are
located within sub-directories of the main archive directory (seeSection5), however it is expected that most users
will not needto look at the archive les directly but instead can rely on codesalready developed by others (such as
plotobserv ed for example). Contributions of codeswhich utilize the archive are welcome,and contributors should
contact Marko Kr co.

The following is only a concisedescription of the archive's functionality and someof the useful end-userprograms
which have been built to take advantage of it. Due to the complexity of the archive, and the need for precise
documerntation, a separatearchive-speci ¢ documert will be written in the near future. The archive consistsof three
main componerts:

The positionar chive is a directory with 96 di erent ascii les. It is designedfor fast searding basedon a given
sky position. There are 24 les (for 24 RA hours) times 4 les 7. These les are located in the positionar chive
sub-directory of the main archive directory (seeSection5). Each le contains records, eat record represers
one 1-seconddump from the spectrometer including all 7 beamsin ead record. For ead record there is a
pointer directing to its location within the BI Garchive.

5For setting up an account contact Arun Venkataraman at arun@naic.edu .

8There were precursor observations prior to this date, but the ts les generated by GALSPECT at that time were in a dieren t
format which, at this time is not supported by the archive.

“for 4 sets of Dec ranges [< 10;10 20;20 30;> 40] covering the whole Arecib o sky)
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The SM ALLar chive is where we organizethe information basedon eat galfa ts le. This allows you quick
seardes for particular groups of obsenations covering a particular RA and Dec range, time of obsenation,
or a project number. Due to its small size there is only one SM ALLar chive le. It is located within the
main archive directory (seeSection5). Each line in the SM ALLar chive contains information regarding one
10-minute GALFA ts le.

The BI1 Garchive is the meat of the archive. The other smaller archives are essetially meart as pointers to
the big one. Each one-seconddump is assigneda BIGRECNUM (Big archive record number). For eact one
seconddump we store full headerand position information we could ever possibly want. This archive is going
to becomevery big really fast. To avoid having to read in one huge le, the BIG archive is subdivided by
months. These les are located within the B| Garchive sub-directory.

IMPORTANT NOTE: The archive s still consideredto be a work in progress. As sud it may occasionally needto
be reset, and reconstructed. If you try using one of the archive-relatedcodesand nd that the archiveis not ertirely
up to date, then wait a day or two and try again.

6.1 Arc hive-dependent codes

This is a list and short description of currently available end-usercodes and procedureswhich utilize the archive.
More detailed descriptions and usagecan be found in the Appendix.

plotobserv ed.pro This IDL procedure will take a given RA and DEC range along with a pixel size and will

generatea ts le containing a map of the speci ed region where the value of ead pixel represerns the total
integration time (in seconds)of all GALFA obsenation within that pixel divided by the pixel's areaon the sky
(in squarearcminutes). This code is located within the planning codes sub-directory (seeSection 5).
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A Quick Checklists

A.1 Sample Basket-weave Observing Checklist

This is a sampleobserving chedlist for basketweave mapping using scripts generatedby BW _fm.pro 8. This can be
easily expandedand adapted to any particular project.

1. Before your obsenations begin place the appropriate ptl, pt2 and sourcesles generatedby BW _fm.pro into
your project directory (/share/obs4/usr/<proj number>/)

2. placethe appropriate GALSPECT scripts for your project into the /var/ directory on galfal.
3. FIRST MAKE SURE THA T THE ALF A COVER IS OFF when you start observing
4. STARTING CIMA AND POINTING THE TELESCOPE

(8) On obsener2login as dtusr.
(b) Right-click anywhere on the screenand select Start CIMA.
(c) On the window that appearschoosethe EXPANDED version of CIMA.

(d) On the window titled \W elcometo CIMA" enter your name and project number(casesensitive). Then
under \Select Observing Mode" select\Line".

(e) On the window \Av ailable Receiwers" click on \ALF A", then click on \Disable Quick Tsys", then click
on \Select Receiver Now". This will start rotating the turret to ALFA. Click on \DISMISS" to get rid of
this window.

(f) Re-start the WAPPs with: On the \CIMA Obsener's Interface” window click on \Pulsar Observing".
Then on the \W APP-Wideband Arecibo Pulsar Processor- Dataking Control GUI™ window click on
\More". This will open a new window in which you may click on \Restart ALL WAPPs". You may now
dismissthe last two windows.

(g) From \CIMA Obsener's Interface" window select\Command File Observing"

(h) A new window, \Command File Observing" will appear. Click on \Command File" to go and browsefor
a le youwant to run. At this point in time you want to run the ptl le for the sourceand day you wish
to obsene (NOTE: this is one of the les generatedby BW _fm.pro ). The ptl script will setup all the
IFLO parametersand start driving the telescope to the desired source.)

5. STARTING GALSPECT

(&) While the telescopeis driving to the desiredposition Login to dataview as\guest" (password is naic305m)

(b) Openan xterm and log in to galfal by typing
ssh -i galfa key galfa@galfal
The prompt # appears

(c) In the samewindow type:

# I/var/gdiag -patt

This will run for about 15 seconds,you will seelots of messagedut solong asnone are errors you're ok.
(d) Oncethe telescope hasreachedthe source,in the samewindow you man now launch your script for setting

the levels on the spectrometer (ex: # /var/a2004.levels). Chedk the RMS levelsin the nal summary
they should be near the levelsyou setin your script (usually 10).

(e) Now you may start taking data by running your script for data taking

8 Adapted from Snezana Stanimiro vic's a2032 checklist
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6. STARTING THE OBSER VATIONS AND CHECKING THE DATA

(a) Goback to CIMA. Following the sameproceduresasfor running the ptl script you may now start the pt2
script. Unlessyou have modi ed the scripts from their original version created by BW _fm, the telescope
should start an SFS and then begin your basketweaves.

(b) To chedk the data as it's coming in from the WAPPS you may open \Quic k Look Data Display" on
dataview to make sure the spectra are being updated.

(c) Optionally you may monitor the data written by GALSPECT. NOTE: this should be avoided if you're
observing remotely due to network latency.

i. Open a new xterm on dataview and type:
vncviewer galfal

ii. This brings up a display window titled \Tigh t VNC: Pixmap framebu er". Instructions for how to
operate this window are located in the \GALF A spectrometer: Setup, Operation, Basics" documernt
mertioned in section 1.

A.2 Sample checklist for commensal (TOGS) observing

Theseare instructions for running GALSPECT commensallywith a2010,so call project TOGS. The latest version
of instructions can be found in Arecibo in /share/galfa/XXXX . The procedure consistsof:

1. Starting GALSPECT beforea2010project starts (TO),

2. Running the calibration script at the start of a2010(observer)

3. Running the calibration script at the end of a2010(observer)

4. Stopping GALSPECT (TO).

Here are somebasic steps:

1. Starting GALSPECT
A few minutes before a2010starts the TO should login to GALSPECT and start the datataking script with
the following.

(a) Login to dataviewas user ‘guest' (password is naic305m) and open an xterm window.
(b) In this window login to galfal computer by typing:
[guest @data view guest]$ ssh -i galfa _key galfa @galfal
The prompt # appears.
(¢) In the samewindow type:
# Iv ar/diag
Let it run for sometime, like 30 sec,you will seelots of messagesGALSPECT is warming up. Stop this
by typing Control-C.
(d) Then, type:
# Iv arllev els_togs

If this givesthe messagd O2: Set failed, got back: ERR OR setting freq follow the proceduregiven
in the footnote®.

9

1. Open a new xterm on dataview.

2. login to wappserv as user wapp (password=w appme) by typing ssh wapp @wappserv . It will ask for password, type wappme .
3. Type source /share/w appsrc/bin/start gpib .

4. Return to the previous step and type again /v ar/lev els_togs in the galfal window.

If this doesn't work call Snezana.
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ssh
This will

(€)

In the samewindow type:

# Iv arltogs

This will start taking data with GALSPECT. You will seea lot of numbersbeing printed every secondor
so.

2. Running the calibration script at the start
Once the primary (a2010) obsener has loggedin and started cima, she/he should run the galfa calibration
script.

@)
(b)

(©

(d)

From \CIMA Obsenwer's Interface" window select\Command File Observing".

A new window, \Command File Observing" will pop up. Click on \Command le" to go and browse
for a le you want to run. Click on le \command _galfasrc” , then click on \Start Command Line
Obsenation”.

This will load the IFLO setup le and perform the calibration pattern. It takes about 3 minutes to
complete this step.

PleaseWATCH the \A O Obsener Display" for a few minutes! It should showv updated messagesvery
few seconds.If you notice that observingis hanging (you don't seeupdated message®very few seconds)
pleasecall Snezana.

The samescript should be run at the end of a2010run, no needto drive the telescope to a special position,
just run the calibration script at the place where the last scanwas nished.

At any time during observing you can open \Quic k Look Data Display" on dataview to make sure the
spectra are being updated.

OPTIONAL STEP: You can alsoview data using GALSPECT's display.

i. Opena new xterm on dataview and type:
[quest @data view guest]$ vncview er galfal

ii. This brings up a plot window ertitled \Tigh tVNC: Pixmap framebu er". With the cursor on this
window type\h", this will blow up the plot and make it easierto inspect spectra.

iii. G-ALFA folder in the control room explains how to changedi erent display options

3. Running the calibration script at the end
Sameas at the start just with using the le \command _galfacurp os".

4. Stopping at the end of the run

On dataview's galfal window (the one which prints numbers all the time) pressControl-C, and exit from this
window.

Logging into GALSPECT

To log in into the GALSPECT machine you must have accesgo a galf akey le. This le serwesas authentication

The appropriate commandto log in into GALSPECT using the galf a key le is:

i < GALF ALKEY PATH > =galf a_ key galf a@galf al

provide you with accessto write in the /var/ directory and to launch diagnostics as well as observing

commands. For detailed documertation consult the GALF A Spectrometer : Setup; Operation; Basics documert

from the GALFA website.
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C Description of GALF A codes and their usage

Cl BW_Iifm

BW _fm.pro is a program used for designing observing les. The latest version of this program can be found on
Josh Goldston's web site (http://astron.b erkeleyedu/~ goldston/BW _fm.pro). The main inputs to BW _fm are the
location and sizeof the region oneis interestedin mapping. BW _fm then producesa seriesof les that can be fed to
CIMA to produce, over a seriesof days, a well sampledand calibrated map of the desiredregion. A call to BW _fm
can be rather complex:

IDL> BW_fm, sourcename, RA, dec, wait_time, dra, ddec, late, $

out_exp, out_cat, end_time, start Ists, end_lIsts, gear=gear, file=file, $
days\_done=days_done, non_extended=non_exte nded, $

redst=redst, loops=loops, ifloname=ifloname , $

restfreq=restfre g

Below is listed a complete description of ead input and output variable aswell as all keywords:
INPUTS:

SOURCENAME - An arbitrary name for the region, e.g. 'biw'
RA - The certer of the region you wish to obsene in RA (decimal hours, e.g. 22.85
DEC - The certer of the region you wish to obsene in dec (decimal degreese.g. 3.85

WAIT _TIME - The requestedtime for turning around in seconds. 13 secondsseemsto be the best time to
choose.

DRA - The sizeof the region you wish to obsene in RA (decimal hours, e.g. 1.85
DDEC - The sizeof the region you wish to obsene in dec (decimal degreese.g. 3.85

LATE - The number of placesyou wish to compute a late start time. Theseare useful if your obsenations get
screwed up and you wish to do part of a day's worth of scans. A typical number here would be 3.

KEYW ORD PARAMETERS:

GEAR - The style, in terms of dec attack angle, to scanthe sky. There are 6 di erent viable styles (gears) to
use,ranging from 1to 6. 6 is the default, and fastest, gear. If we take a Nyquist pixel to be 1.8 arcminutes on
a side then:

GEAR Integration  time per Nyquist pixel ALFAangle

6 2.4 0
5 4.1 30
4 8.3 30
3 9.6 0
2 12.0 0
1 12.4 30

FILE - If this keyowrd is set, BW _fm writes a bunch of les for useasinputs to CIMA at AO.

DAYS_DONE - If this keyword set, then BW _fm will only produce les for days that are not listed in the
DAYS_DONE variable. It will alsonot list scansfor days that are donein the late-starting commandsin the
les.
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NON_EXTENDED - If this keyword is set, BW _fm will write les compatible ONLY with CIMA versions
before the Extended release(June 05), Otherwise it will write les compatible ONLY with The Extended
CIMA releaseand later.

REDST - If set, is a structure that the data reduction software can useto nd start times, end times and cycle
times.

LOOPS - Loopsper ts le. Default is 4. Only functions in extended mode.
IFLONAME - the name of the i 0.gui le to load. default is galfai o.gui
RESTFREQ - The rest frequencyto use- if not set, assumedto be 1420.405750MHz

OUTPUTS:

OUT _EXP - These are the expressionsthat can be entered into the the command le. Use OUT _EXP[N,M]
for day N, delay M

OUT _CAT - The catalog of all starting placesfor all scans. Put these strigns int he catalog le called by the
commandline le.

END_TIME - The time in hhmmss.sform that the scanends
START _LSTS - The start times for all the possiblestarting positons, in decimal LST (e.g. 21.7312)
END_LSTS - The end times for eat day in decimal LST

C.2 Optimizing your observing with GALF Aschedule

For basket-weave scansour primary senseof time is LST. Unfortunately, time at Arecibo is stheduled basedon 15
minute AST intervals. This can have the e ect of producing a signi cant amount of unused time that we may be
scheduled for. Once time has beenassignedto a particular project it is useful to use GALF Aschedule to try and
maximize the e cien t useof the assignedtime when performing basket-weave scans. GALF Aschedule overplots the
time scheduledfor a project versusthe time required for a certain set of basketweave obsenations basedon the same
input parametersas BW _fm, and its usagewill be described herein the very near future.

C.3 Using plotobserv ed to query GALF A Arc hive

By inputing a range of ra and dec values,and a pixelsize you can create a plot of all the obsenations obtained with
the GALFA spectromer.

INPUTS:

ra A vector containing the minimum and maximum ra valuesto be plotted in decimal values(ex. [12.5,20.]). Make
surethat the rst valueis the minimum.

dec SameasRA, just for DEC in degrees(ex. [1.5, 34.])

pixelsize The width (in arcminutes) of eac box in the nal image (ex. 3.5). The RA width of ead pixel in the
map will then be the sameasthe corresponding width for a pixel a pixel at 0 degreesDEC.

output lename  String cortaining the full path and name of the FITS map to be generated.
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OUTPUT:

This code will generatea standard ts le covering the given RA, and DEC ranges. Each pixel is a square of width
pixelsize arcminutes. In order to avoid possible confusion with the various di erent world coordinate systemsthis
map is NOT equal areas. More speci cally, ead pixel has a DEC width of pixelsize, and RA width of pixelsize
(assumingyou're doing the cornversionto from hours to arcminutes at the celestial equator, a.k.a. 1hr=15 deg=900
arcmin). The value of eath pixel correspondsto the total integration(seconds)time per unit areaon the sky (squared
arcminutes). The areais calculated by solving the integral in spherical coordinates so that pixels at higher DECs
cover lessareathan those at lower DEC values.

NOTE: This code is dependert on the GALFA archive, therefore it must be run on an Arecibo machine.

NOTE: Crossingthe 24/0 hr point in RA is currently not supported by this code, you can instead try to make two
smaller maps.

NOTE: One of the reasonswhy it was decided not to use one of the equal-areaWCS coordinate schemesis that
the available FITS le viewing software often time does not read in the input properly, or two dierent viewers
may interpret the same ts le dierently when using anything but the most basic WCS schemes. If you'd like to
corvince yourself of this pick up a copy of ds9 and a copy of Karma, and try openingup a ts le which usesthe
Samson-Flamsteed SFS) projection.

CALLING SEQUENCE:
plotobserved, ra, dec, pixelsize, outputfilename

EXAMPLE:

Running the following commandin IDL:
plotobserved, [1.5,5], [10,40], 3.5, ‘home/mkrco/GA LFAobserved.f it s'

will generatea ts le covering an RA rangefrom 1.5to 5 hrs and a DEC range of 10 to 40 degrees,and a pixelsize
of 3.5 arcminutes as speci ed above.

24



