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1 Motiv ations and Background

A key feature of the GALFA consortium is to provide legacydata setsthat
are: moreextensive than that achievableby an individual or a small group of
investigators,rich enoughto provide a wide rangeof sciencewell beyond the
speci�c scienceenvisionedby the proposersthat permits scienti�c horizonsto
be pushedbeyond anything currently possible.We proposeto produceTHE
MOST SENSITIVE RRL SURVEY EVER MADE. This survey will fully
samplethe entire Galactic plane observable from the Arecibo observatory in
a carefully selectedset of radio recombination lines (RRLs) that fall in the
bandpassof the ALFA receivers to a well de�ned 
ux limit in a set of lines
that permit a wide rangeof science.

RRLs provide a wide range of critical information on the physical state
of ionized interstellar gasthat is generallynot obtainable through other ob-
servational means. Optical and near infrared spectroscopy can provide the
physical properties of nearby ionized regions, but only RRLs can provide
this information on a Galactic scale. What information do RRLs provide?
For HI I regions, planetary nebulae, young massive star formation regions,
novae, ionized stellar out
o ws, and possibly the di�use ionized interstellar
medium (WIM), they provide: 1) the two dimensional velocity structure
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from RRL pro�le analyses,which can provide information on turbulent mo-
tions and bulk motions such as out
o ws, rotation, expansion,contraction,
and shocks; 2) the electron density distribution (via non-LTE analysis); 3)
a direct determination of the electron temperature distribution; and, 4) the
distributions and relative abundancesof ionizedHe, C, Mg and other heavier
atoms. Theseare all critical properties required to understandthe nature of
nebulaeand the environment in which they reside;properties that often can
only be inferred from RRLs.

What sciencedoes RRLs enable? RRLs provide tools to study a host
of important global astrophysical problems that would be very di�cult or
impossibleto attack in any other way. Among theseare: the physical prop-
erties (ne, Te, velocity structure, etc.) of HI I regions,PNe, etc. asa function
of their position in the Galaxy and local environments; the averageelectron
temperature with galactocentric radius from which the relative abundances
of coolants such asO/H, N/H, C/H, etc. can be inferred; the relative abun-
danceof helium asa function of galactocentric radius from which, in princi-
ple, the stellar contribution to the cosmologicalabundanceof helium can be
determinedand the helium abundanceof the universeat the time of forma-
tion of the Galaxy may be obtained at large galactocentric radii where the
interstellar medium has not been enriched by stellar nucleosynthesis. The
enrichment of heavy elements such asO/H, N/H, C/H, etc. asa function of
galactic radius is a measureof the stellar nuclear processingof the interstel-
lar medium by each successive generationof stars in the Galaxy; thesedata
provide the basis for determining the chemical evolution of the Galaxy as
well asthe distribution of stars responsiblefor the enrichment in the Galaxy.
It has beenknown for sometime that Carbon RRLs samplevery di�erent
environments than H and He lines. C RRLs are formed in the transition
zonesbetween fully ionized regionsand neutral gas. Theseregionsare re-
ferred to as photodissociation regions(PDRs). Due to theoretical advances
(e.g. Wol�re, Tielens, & Hollenbach 1990;Hollenbach & Tielens 1997) and
observations in the infrared and optical it has becomeclear that PDRs oc-
cupy a signi�cant volumeof spaceand present somevery interesting physics.
C RRLs can make important contributions to our understandingof PDRs,
but so far have not played a major role becauseof the intrinsic weakness
of theselines and the high spectral resolution required to deconvolve them
from the nearby He line. ALFA will provide both the sensitivity and spec-
tral resolution neededfor large-scalestudies of PDRs via C RRL emission.
Finally, we emphasizethat a fully sampledsurvey obtained with a well de-
�ned spatial resolution and sensitivity limit enablesa wide rangeof science
that cannot be done with many limited observations of individual objects
each with di�erent spatial resolutions,sensitivity limits, and spectral lines.
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Fully sampledsurveysalsostrongly increasethe probability of serendipitous
discoveries.

The RRL GALFA sub-consortium proposesa fully sampled survey of
the entire Galactic planevisible from Arecibo with sensitivity and resolution
limits well beyond any currently available. All the sciencenotedabovecanbe
achieved in such a survey by a judicious choiceof lines to be simultaneously
observed. The probability of serendipitousdiscoverieswill be high in such a
survey which may opennewareasof investigation that cannotbe anticipated
at this time.

2 Scienti�c Programs Enabled by the RRL
ALF A Surv ey

In the following, we discussin more detail a few of the major scienti�c mo-
tivations for doing this survey.

2.1 Iden ti�cation of Radio Sources

Thermal radio sources(HI I regions,PNe, shocks, the warm ionizedmedium)
produce RRLs, non-thermal radio sources(SNRs, pulsars, and other syn-
chrotron sources)do not have RRL emission.Radio continuum surveysat a
singlefrequencycannot distinguish the nature of the sources,but RRLs can
distinguish betweenthermal and non-thermal sourceswith a singledetection
of line emission.

The majorit y of the HI I regions,supernova remnants, and Giant Molec-
ular Clouds (GMCs) in the Milky Way residewithin the inner part of the
galactic plane (seeFig 1). The L-band NRAO VLA Sky Survey (NVSS) has
revealed thousandsof continuum sourcesin that part of the �rst Galactic
quadrant that is accessiblefrom Arecibo, yet only a few hundred thermal
HI I regionshave beenidenti�ed to date in this zone(Altenho� et al. 1979;
Lockman 1989). The sensitivity of the work done by Lockman (1989) only
goes down to sourceswith 
ux density greater than 1.0 Jy. Becausethe
ALFA RRL survey will be almost twiceassensitive, it is expectedto be able
to detect the hydrogen line in sourceswith 
ux density down to � 0.5 Jy.

2.2 The Large Scale Structure of the Milky Way

The spiral structure of the Milky Way galaxy is a controversial topic in
Galactic astronomy. Vallee (1995) summarizedthe papers reporting spiral
arm structure in the Galaxy that have beenpublished since1980. He listed
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Figure 1: Contour map of the continuum emissionof the galacticplaneat 1.4
GHz for 12� < l < 25� and jbj < 4 measuredwith E�elsberg 100-mtelescope
(Altenho� et al. 1979). The imageis in galactic coordinates,and the HPBW
� 10'.

15 modelswhich are composedof two, three and four spiral arms and which
show a variety of pitch angles. Regionsof massive star formation, i.e. H I I
regions,are ideal tracers of the arm structure of spiral galaxies. Recently,
Araya et al. (2002) and Watson et al. (2003) carried out a survey with the
Arecibo Telescope to establishthe distanceto massive star formation regions,
and with this, to explore the structure of our Galaxy (Fig. 2). They used
the hydrogen recombination line H110� (4.87 GHz) to measurethe veloc-
it y of ionized regionswhich, together with the velocity �eld of the Galaxy
andsimultaneousFormaldehydeobservations, allowedthem to establishkine-
matic distancesto morethan 60 regionsof massive star formation in the �rst
galactic quadrant. A similar method wasusedby Kuchar and Bania (1994).
They usedradio recombination linesfrom the Lockman (1989)catalogand H
I spectra obtained with the Arecibo Telescope to obtain kinematic distances
of galacticH II regions.The ALFA RRL survey will o�er to the astrophysical
community a large-areasampleof galactic H II regionswhich, together with
the ALFA H I survey of the galactic plane and complementary molecular-
line surveys,will permit a comprehensive and unbiasedstudy of the galactic
structure and kinematicsof the 32� � 70� galactic longitude range. The ALFA
RRL survey will also be useful to check the current velocity �eld models of
the Galaxy sincea rotation curve for the 4.5 to 8 kpc galactocentric-distance
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Figure 2: Distribution of ultra-compact HI I regionscomparedwith the spiral
arm model of Taylor and Cordes(1993)(Watsonet al. 2003). The resolution
of the observations included in the plot is � 10.

rangecan be derived from the data.

2.3 The Galactic Temp erature and Abundance Gradi-
ents

Churchwell and Wamsley (1975) �rst determined that the averageelectron
temperaturesof HI I regionsgradually increasewith galactocentric radius, as
found in other spiral galaxies.They suggestedthat this gradient is probably
the result of a gradient in the abundancesof primary coolants such asO, N,
Ne, etc. Shaver et al. (1983), in a classicpaper, determinedthe temperature
gradient more preciselythan Churchwell and Wamsley(1975) and analyzed
the abundancegradient in the Galaxy using RRLs and optical line measure-
ments. A�erbac h et al. (1996) usedhigh resolution RRLs to determineyet
a more precisetemperature gradient and predicted the gradient of O/H im-
plied by this gradient. A�erbac h et al. (1997)usedIR �ne structure lines to
measurethe relative abundancesof O/H, N/H, and S/H with galactocentric
radius and comparedthe inferred temperature gradient with that found by
A�erbac h et al. (1996) from RRL measurements; the inferred and directly
measuredgradients werein quite good agreement. However, even with these
advancesthere is still a considerablescatter both in the temperature and
abundancegradients. Someof this is surely intrinsic, but someis alsodue to
small number statistics at each galactocentric radius which could be greatly
improved by a moresensitive survey. The ALFA RRL survey would improve
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matters considerably, both becauseof the sensitivity and accuracyof these
data and alsobecauseof the sheerincreasein the number of sources.To con-
strain modelsof Galactic chemical evolution oneneedsto establishpatterns
acrossthe Milky Way's disk. Shaver et al. (1983), A�erbac h et al. (1996,
1997)focusedon the pattern revealedby RRLs in regard to nebular electron
temperatures(Te) and the

h
H e
H

i
abundances(Y+) when thesequantities are

plotted asa function of galactocentric radius (Rgal). Becausethe RRLs give
the nebular velocity, Rgal is known accurately from the Galactic rotation
curve.

Shaver et al. (1983),A�erbac h et al. (1996),and A�erbac h et al. (1997)
found a gradient in Te with galactocentric distancewhich they interpreted as
a metalicity gradient sincethe principal nebular coolants are �ne-structure
transitions of heavy elements. They wereableto calibrate Teversusoptically
determined abundancesof oxygen. Since RRLs probe transgalactic path-
lengths, only another RRL survey can speak to this important constraint
on Galactic chemical evolution models. ALFA RRL surveys will have more
sourcesand more accurateRRL measurements. Furthermore, only Arecibo
hasthe sensitivity to measureRRLs from heavy elements easily. For example,
Figure 3 shows the recombination lines measurements at 5.0 GHz (C-band)
of the compact HI I region S88. Not only the main hydrogen, helium and
carbon 109� transitions are detectedbut alsothe hydrogenand helium 137�
lines are clearly visible. With the capabilities of the Arecibo telescope and
with ALFA we will be able to measurethe metalicity gradient for that part
of the Galactic disk accessiblefrom Arecibo *directly* without the needto
useTe as a proxy which must be calibrated by optical measurements of the
oxygen abundanceof nearby HI I regions.

The RRL Y+ vs Rgal analysis by Shaver et al. (1983), Churchwell et
al. (1978); Churchwell at al. (1974) are also still the de�nitiv e constraints
usedby chemicalevolution modelers.The Y+ valuesthey usedsu�ered from
inaccuraciesdue to poor signal to noisein the spectra. ALFA will improve
matters considerably, again both through improved sensitivity and also via
the much larger number of HI I regionsin the sample.

Finally, GALFA will measurea large number of nebular Carbon RRLs.
Only about 20 nebulaecurrently have carbon RRL measurements (Silver-
glate & Terzian 1978). A much larger sample will allow us to search for
Galactic carbon abundancegradients which in turn will provide another,
new constraint on Galactic chemical evolution.
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Figure 3: POSSimageof the star-forming region Sharpless88 (left). Radio
recombination lines observations at 5 GHz toward the compact HI I region
S 88 with Arecibo telescope (right). Hydrogen, helium, and carbon 109�
were clearly detected, and hydrogen and helium 137� as well. C109� line
is clearly stronger than helium lines. Next to the carbon line is the heavy
elements line. This spectra was taken in 45 minutes of integration (Terzian
2003).

2.4 Carb on Recom bination Lines

Maps of Carbon RRL emissionin a variety of sourcescan be usedto probe
the properties of the nebular photodissociation regions(PDRs) and to test
PDR models. Carbon's low 11.6eV ionization potential meansthat the bulk
of carbon RRL emissioncomesfrom the periphery of classicalHI I regions.
Figure 4 shows the recombination line spectra from di�erent HI I regions.
The hydrogen line comesfrom the HI I region while the carbon line come
from the PDRs outside the HI I region. The carbon emissionis dominated
by the stimulated e�ects produced by the continuum emissionof the HI I
region. The propertiesand structure of PDRs is thought to dependcritically
on metalicity. ALFA carbon RRL maps can make a unique contribution to
PDR theory because,again, only Arecibo has the sensitivity to map carbon
RRLs in a substantial number of sourceswith a wide rangeof metalicities.

This potential for carbon RRLs to enhanceour understandingof PDRs
becomesevenmoreexciting if ALFA data arecomparedwith [CII] 158micron
emissionmaps from, say, the ISO satellite or SOFIA. Natta et al. (1994)
showed that a carbon RRL/[CI I] 158 micron ratio can be usedto measure
the nebular electron densitiesand temperatures (Ne, Te) *independently*.
The analysis comparestwo transitions of one ion, eliminating the di�cult
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problem of adjusting for relative abundancesof di�erent species. Complete
maps of the (Ne, Te) distribution surrounding HI I regions with di�erent
metalicity and radiation �elds will provide a powerful test of PDR theories.

2.5 The Galactic Di�used Ionize Medium

The extended low-density (� 1 to 10 cm� 3 ) warm (Te � 3000to 8000K)
ionized medium is found to be located in the galactic plane and halo. The
di�use ionizedmediumhad beendetectedin radio recombination linesat the
galactic plane but also at optical recombination lines outside of the plane.
The sourcesof ionization are still unclear although massive stars can be
accounting for most of the emission. The main controversy is how doesthe
ionizing photons escape from the plane and ionize the gas outside of the
galactic plane. One of the proposedmethods is that supernova explosions
generatecavities in the form of chimneys that permit UV radiation and
ionizedgasto 
o w from the plane to the galactic halo (Heileset al. 1996). A
clumpy ISM will also permit escape to the halo. With the proposedALFA
RRL survey it will be possibleto study the di�use medium and the chimney-
like structures at jbj > 1� in RRL.

3 Other Surv eys with whic h ALF A RRL can
be Compared

MSX (Midcourse SpaceExperiment) { The MSX satellite observed the
whole sky in the mid infrared band between 4.2 to 26 microns, with its
maximum sensitivity at 8.3 microns. MSX coveredthe regionseither missed
by IRAS and COBE/DIRBE, or wherethe sensitivity of IRAS wasdegraded
by confusionnoisearising from regionsof high sourcedensitiesor structured
extendedemission.The MSX experiments mappedthe entire Galactic Plane.
The MSX resultsarevery usefulin the studiesof the photodissociated regions
that ALFA RRL will be detecting in through carbon RRL. The 8.3 microns
band collects the continuum emissionof the hot and warm dust but also
included the emissionfrom the PAHs, i.e. the emissionof long moleculesin
photodissociated regions.

ISO (Infrared SpaceObservatory) { ISO experiments includedfour instru-
ments: an infrared camera(CAM), a long-wavelength spectrometer (LWS),
a photo-polarimeter (PHT), and a short-wavelength spectrometer (SWS).
Theseexperiments werededicatedto speci�c targets more than a survey but
the results from the spectrometers,especially at low frequency(LWS), are
relevant for carbon RRL studies. The LWS instrument covered a frequency
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Figure 4: Radio recombination lines at 1.4 GHz measuredwith the Arecibo
telescope (Silverglate& Terzian1978). Each spectra took between30 and 60
minutes of on-sourcetime. The hydrogenline is clearly visible in all spectra,
and the carbon line show up very bright in W48, S87,and S88.
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rangethat includesthe [CII] 158� line, which is oneof the main coolants of
the PDRs and can be comparedwith carbon RRL.

2MASS (The Two Micron All Sky Survey) { 2MASS used two highly-
automated 1.3-m telescopes, one on Mt. Hopkins, AZ, and one at CTIO,
Chile. Each telescope wasequipped with a three-channel camera,capableof
observingthe sky simultaneously at J (1.25 microns), H (1.65 microns), and
Ks (2.17microns). This survey coversthe completeGalactic plane. The near
infrared tracesmainly the stellar emissionbut alsoshows the very embedded
stellar clusters. This survey can be usedto compareindividual regionsand
identify the ionizing sources.

GLIMPSE (Galactic LegacyInfrared Mid-Plane Survey Extraordinaire)
{ A fully sampledsurvey of two thirds of the inner Galaxy at wavelengths
3.6, 4.5, 5.8, and 8.0 � m with a spatial resolution of 1.5" to 1.9" and a
sensitivity 100 times greater than MSX. This survey is revealing many new
regionsof massive star formation, planetaries,and SNRsmany of which were
previouslyunknown either dueto interstellar extinction or lack of sensitivity.
The ALFA RRL survey will bevery much complimentary with the GLIMPSE
survey.

NVSS ( NRAO VLA Sky Survey) { The NVSS is a 1.4 GHz continuum
survey covering the entire sky north of � 40� in declination. The NVSS is
very useful for the identi�cation of compact sourcesand determining their
physical parameters. It can alsobe usedfor correcting beamdilution e�ects
on compactsources.

ALFA Continuum Survey { The ALFA continuum survey will provide
continuum measurements for all the sourcesdetectedin ALFA RRL survey.
This is necessaryto obtain somephysical parameters.The RRL survey will
complement the ALFA continuum surveybecausethe thermal or non-thermal
nature of the continuum emissionwill be determined.

ALFA HI Survey{ The ALFA HI galactic plane survey can be combined
with the ALFA RRL survey to study the structure of the Galaxy and its
kinematics. This survey covers the samelatitude range of the RRL survey,
and has the samespatial resolution.

IGPS (International Galactic Plane Survey) { The IGPS is an interna-
tional cooperative e�ort to have a completeHI survey of the galactic plane
with a spatial resolution of 10. The IGPS is composedof three HI surveys,
the Southern Galactic Plane Survey (SGPS), the Canadian Galactic Plane
Survey (CGPS) and the VLA Galactic Plane Survey (VGPS). The SGPS
covers the galactic disk in the longitude range between 253� and 358� , the
VGPS coversthe rangebetween18� and 67� , and the CGPScoversthe range
between74� and 147� . The latitude coveredfor each surveysvariesfrom � 1�

and � 2� for VGPS and SGPS,and from � 3.6� to +5.6� for CGPS. These
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surveysare particularly useful for the RRL ALFA survey due to the 10 spa-
tial resolution. For the very low galactic planesourceswe will be able to use
theseHI data for the kinematical study of the RRL sources.

4 Line Selection

The IF bandwidth of ALFA is 300 MHz and it is possibleto select up to
8 segments within the IF bandpass.Experiencehas shown that frequencies
below about 1400MHz are plagued more by interferencethan those above
1400MHz. We, therefore, will con�ne our line selectionto those with fre-
quencies� 1400MHz. We also want to observe at least four setsof � lines
which canbeaveragedto obtain a S/N twicethat for a singleline in the same
integration time and spectral resolution. It is also important to have several
higher order lines in the selectedbandpassesas a check on departuresfrom
local thermodynamic equilibrium as well as a test for pressurebroadening
when the line full widths at half maxima are compared.Of course,He and C
lines will be included in all selectedbandpasses.To resolve the He, C , and
heavier atomic lines it is necessaryto have a velocity resolution of about 1
km s� 1. The bandpassesmust be wide enoughto include the whole rangeof
Galactic rotation velocities along each longitude. Table 1 contains the lines
that are of our interest in the RFI-free rangeof ALFA and also the required
bandpasses.The lines with �n � 4 that fall within each frequencysegment
are not listed.

With this selectionof lines, it will be possibleto addressall the science
noted above and provide the possibility for serendipitousdiscoveries.

4.1 Instrumen tal Con�guration

As we mentioned above in order to get the expectedsensitivity in the RRL
survey it is required to observe at least four hydrogen � transitions at the
sametime, with a spectral resolution of � 1 km s� 1. The bandpassfor each
transition varies from 3 to 7 MHz (seeTable 1 and below for details).

A possibility for the backendsthat we are proposing is to usethe Wide-
band Arecibo Pulsar Processor(WAPP) backend with �lters that isolate the
di�erent frequency ranges that are of our interest. Deshpande& Lebr�on
explored this possibility. Here we include a summary of their results. The
details of this method canbe found in the ALFA's memowebpagelocatedat
http : ==alf a:naic:edu=memos=. The title of the memois: A PossibleBack-
end Solution for the ALFA Recombination-line Survey(date 30th November
2004and referencedhereas Deshpande2004).

11



Figure 5: The selectedRF bandsassociated with the indicated RRL transi-
tions. The y-axisscaleis somewhatarbitrary, and the higher-riseedgein each
band corresponds to the its lower RF frequencyend. The LO and sampling
clock frequenciesfound most appropriate are indicated in the top text.

The desiredbands are appropriately �ltered (de�ned) by using a single
�lter with multiple (closelyharmonic) responses,the compactpacking may be
achieved by exploiting (the otherwiseundesirable)\aliasing". In this method
the apparent folding of the input bandswith respect to the harmonicsof the
sampling frequencyis exploited to compactly pack together otherwisewell-
separatedbands.

The existing IF/LO systemfor the ALFA (or for any single-pixelreceiver)
presents signalsto the WAPP at an IF frequencyof 250or 275MHz, depend-
ing on whether the BW is 100MHz or � 50 MHz, respectively. Noting this,
we de�ne the allowed IF extent to be within the window 200-300MHz for
using the presently available WAPP-input paths. The sampling frequencies
of the WAPP arenormally �xed; however we assumethat thesecanbevaried
if needed.

In the following example,6 key bands of varying bandwidths, including
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one OH band, were speci�ed as the \m ust-include" bands. All the known
RFI-prone bandswereexcludedfrom the list of bandsto be considered.The
IF bandwidth was left unrestricted (corresponding to a possibility of by-
passingthe WAPP �lters), and the range of sampling clock frequencywas
limited to 95-105MHz, to ensureready compatibilit y with existing WAPP
usage.

Figure 6: The selectedbandsassociated with the indicated RRL transitions
after the �rst down-conversion, i.e. their respective locations at IF. The
start and end frequencies(at the left and the right edges)are harmonics
of the sampling frequencyand the tall vertical lines mark the locations of
the harmonicswithin the plotted range. The other harmonicsof half of the
sampling frequencyare marked by the 'short' vertical line. The individual
bands are not 
ipp ed relative to each other at IF, but the 
ips about the
`short' and `tall' markers would be apparent at baseband(�gure 5).

Figures 5, 6 and 7 show the selectedbands as a function of RF, IF and
basebandfrequencies,respectively. In this case,8 bands (which include 2
OH-bands) could be packed in a bandwidth slightly under 50 MHz. The
packing e�ciency (65 to 68%) is somewhatlower here, as a consequenceof

13



Figure 7: The resultant packing in the baseband,i.e. over the range 0 to
half of the sampling frequency. Note the 
ips and the shifts apparent in
individual band versionassociated with baseband.The e�ciency of packing
is indicated at end of the top label, and is be consideredas near optimum,
given the variety in spacingand the widths of the RF bands.

the limits on the sampling frequency, than in the casewhere 6 bands were
selectedas \m ust-include" (see details in ALFA memo Deshpande2004).
Noting that two of the selected8 bands can be treated as one (i.e. 1417-
1427),only seven distinct band-passwindows needto be considered.Using
the WAPP in its \3-level, 2-channelauto-correlation" mode, we estimatethe
spectral resolution to be � 6 kHz (a little over 1 km s� 1 in velocity).

Implementation of thesecases(shown in �gures 5-7and memoDeshpande
2004)doesnot require any signi�cant changein the WAPP sampling setup,
and sothe existing boardswould not needany �ne tuning. According to Bill
Sisk, it would be easierto provide a direct IF path to the WAPP digitizers
(by-passing the existing 50/100 MHz �lters), than to change the WAPP
clock frequenciesby a large factor. So,a setupwith a by-passIF-path would
enableuseof the WAPPs asan attractiv e back-end for ALFA surveysof the
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Figure 8: Flow-chart of a single ALFA beam including the �lters proposed
for the RRL backendoption usingthe WAPPs. The dashed-lineareaindicate
parts that already exist in ALFA and the WAPPs.

several RRLs andOH-linestogether, if suitableIF �lters (e.g. with band-pass
windows asshown in �gure 6) can be obtained/made. Figure 8 shows a 
o w
chart for oneof the ALFA beamsindicating wherethe �lters arerequired. All
the parts surroundedby dashedlines already exist in the ALFA and WAPP
systems.

4.2 Prop osed Surv ey

Region to Surv ey: We proposeto survey the entire Galactic plane visible
from Arecibo, i.e. the longitude rangefrom 32� to 77� in the inner Galaxy and
168� to 214� in the anticenter region and latitudes jbj � 5� . This will be the
FIRST FULLY SAMPLED RRL survey of the galacticplaneever made. (We
assumethat the ALFA RRL survey will make commensalobservations with
the ALFA Pulsar survey that requiresjbj � 5� , and has the sameintegration
time per beamas the RRL survey).
Surv ey Parameters: The following list summarizesthe parametersfor the
proposedRRL Galactic Plane survey.

� Integration time per position, 300s
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Figure 9: Example of the densesampling method. Taken from the Pulsar
tiling observingmode. Each circle indicates the points for which the sen-
sitivit y is half of what it is in the center. Each ellipse depicts a sensitivity
level of -3 dB comparedto the center of the beam. Beamswith the same
number belong to the sameALFA pointing. This �gure was taken from:
http : ==www2:naic:edu=pf reir e=tiling=.

� Dump time, 1 sec

� Total bandwidth, 100MHz

� Velocity resolution, � 1 km s� 1

� Number of �lters per beam,14

� Bandpassfor each �lter from 3 to 7 MHz (seetable 1 for details)

� Sensitivity limit in the line � 0.1 Jy

We proposeto use the WAPP spectrometers. For the inner and outer
Galaxy we will use300stotal dwell time per sky position.
Poin ting Strategies: We will sample the sky, pointing on each position
with a dense-samplingapproach.

DenseSampling: Figure 9 shows an exampleof the densesampling. Sets
of three pointings one next to the other covers a continuesarea. The dense
sampling is a mode that the Pulsar consortium are planning to achieve ul-
timately in their PALFA survey. For the RRL Survey it is fundamental to
cover the sky systematically in a densemode becausewe are expecting many
sourcesto be more extendedthan one ALFA beam, and in somecasesthe
sourcescould be even bigger than the completeALFA ARRAY. In this mode
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the survey will be covering sectionsof the sky of approximately 22 by 25
arcmin every hour. With the densesamplingwe can obtain results from the
survey as soon as the survey starts.

Another point to consideratein the survey is if it is better to do a single
pointing of 300sper position or to do multiple passeswith a total integration
time of 300s. Becausethe sourceswe are consideringare not variable, and
we alsoare expecting to have a minimum of RFI in our bandpass,onesingle
passof 300sis desirable. On the other hand if the total integration time is
divided in two or morepassesthe resultswill eventually be the same.In such
a caseit is important for the multiple passesnot to be separatedby a very
long period of time.

To summarize,for the survey proposedhere,our plan is to adopt a dense,
single-passpointing strategy. This plan may changedependingon discussions
with other commensalsurveys. The skim of Deshpande(2004) also allows
to record the OH (1665, 1667 MHz) main lines and the OH (1612 MHz)
satellite line. These will also be recordedthrough appropriate �lters. We
proposethat the ALFA RRL survey make commensalobservations with the
ALFA Pulsar surveys, the proposal submitted last October 2004titled \An
ALFA Pulsar Survey of the Galactic Plane", P.I. Jim Cordes,and any other
future surveys. Becausethe ALFA RRL will usethe WAPP spectrometers,
commensality with the pulsar group will only be possibleafter the PALFA
spectrometer is available.

4.3 Sensitivit y Limits

Basically this will be determinedby the assumptionof a total of 20 minutes
integration per position. Sincewe will be able to averageall 4 alpha lines,
the S/N will be twice what one would expect for a single alpha line. The
beta and gamma higher order lines will only be possibleto averageif they
do not di�er very much in principal quantum levelsor if pressurebroadening
is demonstrably unimportant. The high order lines are useful mostly for
non-LTE e�ects and pressurebroadening.

4.4 Surv ey Data Format and Arc hiving

To the existing FITS data format it is necessaryto add a tag that contains
the information of the frequencyfor each spectral channel. That is necessary
becausewe will not be using the completeband, and it will not be possible
to calculatethe frequencyduring data processing.This will alsobe useful to
avoid any confusionduring the line analysis.
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The StandardBDFIT format is required. All RRL data and OH data will
be archived appropriately. Arrangements will be madefor the community to
have accessto the data.
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