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ALFALFA is a team effort!



Seeding ALFALFA

As a legacy project being carried out by a group of 
university researchers at a NSF funded national center, 

ALFALFA is and must be a team effort

• Observing at Arecibo* and remotely
• Data reduction and analysis
• Correlative studies with other databases, e.g., SDSS
• Followup observations with other telescopes
• Modeling/simulation of interactions, processes

* A lot more fun; especially recommended in winter



IDL for ALFALFA
“LOVEDATA”

• Processing uses Interactive Data Language = IDL
• IDL is programming environment
• Educational/student licenses
• Astronomy IDL library has general Astro utilities
• “LOVEDATA” runs on Linux/MacOS
• Running at Cornell, Arecibo, Lafayette, Colgate, 
Wesleyan, Union, Indiana, Humboldt State, 
Georgia Southern, St. Lawrence, George Mason, 
Colorado, Milano… + more to come!



http://egg.astro.cornell.edu/alfalfa
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Keep track 
of what 

ALFALFA  
will/has/is 

cover/ed/ing



http://egg.astro.cornell.edu/alfalfa



http://caborojo.astro.cornell.edu/alfalfalog

Ask us
Ask us



http://caborojo.astro.cornell.edu/alfalfalog

A2010

•Raw data: 
• archived at Arecibo

•Level I: 2-D
• processing can be 

exported
• archived at Cornell

•Level II: Gridded cubes
• processing can be 

exported
• archived at Cornell
• access through VO 

(eventually)

Current dataset ~ 5TB



http://caborojo.astro.cornell.edu/alfalfalog

A2010



http://caborojo.astro.cornell.edu/alfalfalog

A2010



http://www.naic.edu/~a2010/galaxy_a2010.html

Arecibo project A2010
• Observing information

• Observing plans and logs

• Observing cookbooks,

• Graphical schedules

• Reduction cookbookds

• Links to documentation



http://www.naic.edu/~a2010/galaxy_a2010.html

Links to observing logs 
updated daily by observer



http://www.naic.edu/~a2010/galaxy_a2010.html

ALFALFA is an active, on-going observing program
Everything in science doesn’t always work! 

BORING IS GOOD!



http://cosmos.iasf-milano.inaf.it/alfalfa_wiki/
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ALFA is not a car…

Arecibo L-band Feed Array

It is a radio “camera”



ALFA beams are 
3.3’x3.8’

“Almost” fixed 
azimuth drift mode

2nd pass offset 
from the first to 
give 1.05’ samplingALFALFA survey strategy: 

Keep it simple!



ALFA as a Camera

• The central pixel is more sensitive than the outer ones.
• The beams are really a bit elongated (ignore that for now!)
• The whole array can be rotated around the central beam
• Each beam has sidelobes; they differ from beam to beam.



Outer 
beams

Notice that the 
sidelobe ring is 
asymmetric and 

always appears on the 
side opposite the 

central pixel.

Bottom line: 
We need to be wary 

of sidelobe
contamination!



• Gain, Tsys, footprint, sidelobes, RFI all change with 
Az, ZA, so adopt “fixed azimuth” mode

• Sensitivity falls off quickly beyond ZA > 15°
i.e., Dec south of +3° or north of +33°

• Beam 0 has higher gain than outer pixels

• Beam orientation/spacing change with Az, ZA, ALFA 
RotAngl; desire drift tracks equally spaced in 
Declination

• Dome cannot track through zenith; minimum ZA for 
dome ~1.7°: “zone of avoidance”

Technical considerations



ALFA beams are 
3.3’x3.8’

“Almost” fixed 
azimuth drift mode

2nd pass offset 
from the first to 
give 1.05’ sampling

ALFALFA survey strategy: Keep it simple!



Array 
rotation

The individual feed 
horns move along 
an elliptical ring 

oriented in Az, ZA. 

Note: The beams 
are actually 

elliptical, NOT 
circular.

Dec > +18, RotAng=19 Dec > +18
No rotation

Dec < +18, RotAng=19 Dec < +18
No rotation
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Gain:

11 K/Jy

8.6 K/Jy

On meridian, 19° rotation

Beam tracks are 
spaced 

equidistant in 
declination.

For a source south of 
zenith, the dome 

should be at azimuth 
0° (or 360°).



ALFA beams are 
3.3’x3.8’

“Almost” fixed 
azimuth drift mode

2nd pass offset 
from the first to 
give 1.05’ sampling

ALFALFA survey strategy: Keep it simple!



ALFALFA drift mode

Block        Date              AST                LST           #    DecJ
08.01.13  S 13Jan    15h45-17h30   22h55-00h35    107p2  +260212
08.01.14  M 14Jan   00h30-07h00   07h35-14h05   107p2  +260212

• “Almost” fixed azimuth drifts
– Track in J2000 Declination
– Declination of all survey drifts specified, except for  
+16° < DecJ < +20° (zenith “Zone of Avoidance”)

• Specify observing “block” according to date/time at start,
specified as yy.mm.dd

08.01.14 : Tonight’s (Mon am!) block



187.8 187.7 187.6 187.5 187.4

9.4

9.5

9.6

9.7

9.8

R.A.

Calibration:
1. Noise diode

2. Radio continuum 
sources of known flux

3. Galactic Hydrogen

ALFALFA observing sequence

• Set dome at transit (360° or 180°)
• Rotate ALFA to 19°
• Setup spectrometer
• Start 600 sec drift scan

– Record spectra every 1 sec 
(actually 14 = 7 beams X 2 
polarizations/beam)

.......
• Terminate drift scan
• Fire noise diode for 1 sec
• Close/open FITS data file
• Start next drift

...........
Repeat until end of observing block



187.8 187.7 187.6 187.5 187.4

9.4

9.5

9.6

9.7

9.8

R.A.

Beam orientation for 
source on meridian 
north of AO zenith, 
for ALFA rotation 

angle of +19°.

For this ALFA 
configuration, the 
tracks are spaced 
every 2.1 arcmin in 

Declination.

Beam layout on the sky



• Man-made signals are much stronger than cosmic 
ones!

• Some are always present; others come and go.

• Radars (e.g. FAA at San Juan airport) occur with 
some regular period (e.g. 12 sec)

• Some RFI is so strong that it “saturates” the front 
end.

Radio Frequency Interference

We have to live with it (but we don’t have to like it!).



RFI List



Two-pass strategy
We want to drift across each stop on the sky TWICE

• Double integration time
• Helps to discriminate cosmic sources from 

1. Noise
2. RFI

We offset the 2nd drift by half of the beam spacing.
• Helps with position centroiding
• Evens out the gain scalloping

We conduct the 2nd pass 3-9 months after the first.
• Cosmic sources will have shifted in frequency due to 
the Earth’s motion around the Sun, but terrestrial ones 
won’t have.
• Some interference comes and goes.



RFI is ugly

Galactic 
hydrogen

FAA 
radar

Galaxy!

Channel number/frequency →
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Final coverage for 2 pass 
strategy

• For the 2nd pass, Beam 0, 
which has higher gain than 
the others, is offset by 7.3 
arcmin from its 1st pass 
position.

• Some smoothing of gain 
scalloping.

• 2-pass sampling thus at 1.05 
arcmin

• 2nd pass occurs 3-9 months 
after the 1st pass (vs. RFI)

7.3'

2.1'

1.05'

2-pass beam layout



ALFALFA schedule notation

• “Master list” of drift declinations preassigned, starting 
at 0° and moving northward to +36° => DriftN, N = 1, 148

• Two passes: p1 and p2

+260212107p2

+261648 108p2

+255454107p1
14.6 arcmin

7.3 arcmin



Tile coverage

Follow “tile” layout: each covers 4° in Declination

• Az = 360° for DecJ = +2°, +6°, +10°, +14°

• Az = 180° for DecJ = +22°, +26°, +30°, +34°

• Az ~ 90° for DecJ ~ +18° (close to zenith)

Proposal: Cover 2 tile tracks/per year, spring and fall
Spring and fall tiles not necessarily the same

Priority to PhD student thesis projects.



ALFALFA Scheduling Strategy

• ALFALFA aims to survey 7000 square degrees of high galactic 
latitude sky.

• “Fixed azimuth drift” mode: the telescope moves only slightly, to 
maintain constant Dec (J2000); Drifts offset by 14.6 arcmin.

• A “tile” of data will contain all beam positions within a box of 20 
min in RA by 4 degrees in Dec.

• Within a single observing block, the data taking sequence consists 
of a series of 600 second (10 min) drifts at constant Dec J. 

• Over a season, we try to “complete” sets of drifts within a tile:  
16 drifts/tile/pass.

• The second pass occurs 3-9 months after the 1st pass (to aid RFI 
identification and signal confirmation).



ALFALFA Survey 2005-7

• Commensal with 
TOGS HI

• Does not compete 
with galactic 
plane surveys

High 
galactic 

latitude sky 
visible from 

AO

Supergalactic plane

Virgo 
cluster

Leo 
Group



• Telescope time is precious and competition is stiff.
• Our science goals demand high quality data.
• The legacy nature of ALFALFA raises the standards 
for data product generation and delivery.

• Arecibo and ALFA are complex instruments to use.
• RFI is nasty and inevitable.
• ALFALFA uses a lot of telescope time and generates a 
lot of data!

• The A2010 proposal was approved pending periodic
reviews of our ability to perform the survey.

• We got an A+ this year.

Maximizing Observing Efficiency



ALFALFA websites

• Cornell website (public)
– http://egg.astro.cornell.edu/alfalfa

• Cornell website (team only; password required)
– http://caborojo.astro.cornell.edu/alfalfalog

• Arecibo A2010 website (not obvious)
– http://www.naic.edu/~a2010/galaxy_a2010.html

• Milano Followup Team wiki (password required)
– http://cosmos.iasf-milano.inaf.it/alfalfa_wiki/

• Undergraduate Workshop Observing Page
– http://www.naic.edu/~alfalfa



http://arecibo.tc.cornell.edu/hiarchive
http://egg.astro.cornell.edu/alfalfa

ALFALFA sprouts!



So, enough talk;
let’s eat…!


