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In this dissertation the results of the survey for the 

are prE;seIlteij. The 

Interstellar 

of NIBLES is to quantify the HI 

content of gallaxIes in the Local ga.lax.IeS with recessional velocities in the 

consists of both H I data obtained range 900 km 12000 km 

the 

the Sloan 

phot()m,etrlc and data from 

sixth data release for 1385 600 5"'1,CW\.1\O", 

The HI data were to data from the Northern HIPASS 

The NIBLES recessional velocities and widths at the 

flux level were found to be in good with NHICAT. 

ratios of the values of 

were with a maximum of rv 104 M0/L0' The cause 

llH'",,,'uli".'''"'';U and was found to be the result of under-

estimated ~lHJLV!ll"'Ll gal'i:l.XH~S with Petrosian < 8" and URlIHl.<loLJ'Ull 

i < 50°. When the corrected I-'WJ"V~l1"'"~ data are 

-13m and 

value of 

rv -12m are found. the corrected ph,)tometry 

= 10M0 /L0 and MHI/Li = 19 

the maximum 
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current Un'uC;"""'''''''J.H'.!'', is 

a 

we can 

it '-<U''''HI'>''''' the distribution and 

up only 4% 

are 

% 

account 

structures 

are 

con-

can us 

at previous is an im-

structure 

stl:orLornl(~al surveys out to amount 
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matter 
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by 
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HI accounts 
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mass density of 
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of H I is a nne,na-r+" 

2 

or 

a HI survey 

",eeMU'.U", a more 

or no, 

surveys, can HI. 
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It been rates are 

HI content can 
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Figur .. 1.1. Cuu;d(3)j 411,,' SuiiuyuJ lI.auiu OI'''''I1;ai(~" "nJ tj,,' r,,[(,m, ... Obs""",,tor'J 

.'ik!! STmJ<V The three interacting me:mo.,,, of the ~l,'l ~roup of ~.J=i"o, The la,.~ opi,.~1 

~al,,-,," i> ~t the cen"', and j.o the rij.:hl j , ~l,'l. ",ilh \wD dw~rf ~alaxie, l.O the len of i\ 

SGC :W77 i, kJwer!toft aoo 11h2 at the up~r rij.:hl. The le[1. palle! ,h",,', the POSS optic~1 

im;\g..;l.o', 1.8'); the I'm,,[ on the ri!\ht ,howo <I., "HAO ill iIU~" (1.4'x 1,9'1, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

rates et 

of HI is em are 

not 

are 

; it 

is wave-

be more to 

5 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Figure 1.2. Op(,cal fm{""" A- "I~llin~t·, lIt hrwg" Di<'~~~' '" LocktMII 1199Q). All ok}' 
im"!j'" "I c-.pt~,o.l MId rad;" ",,,,'elongtho. Til<- t.op f"'ncl ;,; an ,,[>:ie,'W ((J.G !Jmj im~g<: Ihe 

bU<WUl pan"l is fIJI III iu",~~ 

To gain a Letter unuerstanding or the II I in the Univpr"-f, larger sltr,-eys 

thai illdude all gala.xy morplwlogiC'al tyIX" are uc,<-,)(,d. The Square Kilo­

meter Arra,- (SKA)" is till' most ambitious Radio Astroll()m~, projcd eWr 

attl'mptou. It will )',D a long way toward, do><ing tlw gap ill om kllO\dL"(ige of 

11 I. The SKA will be >\II iIlterferomL'tri~ radio tek"'l'DIX' that will wnoist of 

a combination of aIX"rture arrays aud nWre traditiOIwl parabolic alltCIHlM. 

The insU'umout will have a collcdiug area of I millioll "luare mot(u alld >\ 

frPfjllpnry 1"<Hl!,:P H~I\IHz:::; 11 <0 2,-.o.ll-.!Hz. It willlw c~1 tim"" mOl" sfn~i­

~ivH 1.11an thH ('mrHm [w"t radio intHrf~r()mpl.pr and iT will h~ ablH to dAte<:.t 
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surveys. set up 
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HI surveys not a to 

scan HI sources. HI 

surveys HI survey out & 

HI et 

survey group 

surveys 

more surveys 

Local are now out. 

most survey is HI 

m 

receiver. survey de'tected 

no nreviol11s o])tical n~cel';sional velocilties no 

et 

A fnrt;her ].!,(:t,I<1X.1e::; were de1;ec1bed 
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out 

of the 

The survey 

out to cz 

HI 

of 

r;eH~SC()pe as as 

out 

surveys was "'-'TTl..,'" out 

HI 

out to cz 

not 

measurements HI 

The survey 

is pn~se:ntE~d 1.1. 
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1.1: of HI surveys 

Survey reference V max Ndet Morphology 

Fisher & Tully 1171 Mostly late types, only complete for Sc and later types 

Schneider et al. 12000 762 dwarfs and LSBGs 

Theureau et al. (1998) 12000 2112 Spirals only 

Haynes et al. 12000 1201 Spirals, mostly Sc 

survey. 

1.2 

11 
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13% 

widths 

llallllt.;al masses can 

Ul!1)llI:;U H I 

private com­

HI 

pa-

matter content 

data can then to test Cm;m()lo:glC,al matter 

~ali:tL;LlC H I content as a .lUl.1CLJlUll 

star LUi HH:H 

between 

can 

is 

mass at H 

mass 

""C."L'--'" on 

is HI 

is nor-

expo-
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InstrtLmE~ntisade~cinletric 
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1 our purposes, 
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2.1: Schematic UW'O""'l11 of the NRT the flat and spherical reflectors and 

the receiver 



Univ
ers

ity
 of

 C
ap

e T
ow

n

22' at 

is 

a source at 
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scope 

UvjJvJllu,:aH~v on 

at 

turn means 

a source near 

to 

to as 

(Matthews van 

area are 

our purposes, tel,esc:oP,e was 

power 

an 

can 

was split into two ,-.rrl,,","'_"'" 

to 
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1. 

or 

mode, 
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bank a 4 chELllnels, centerE)d on 5000 

cz 2: 9 

velocity range 

were select;ed 

is a tlux-limited UIJLlI~cH. spE~ctro-photc)mjCltrlc O'.AIAYV survey the lar~~est 

survey aims to map a rn",rt,:.r 

p[()vicie a UCO'l"'''L.''''U 

sional census the AI>"Il:"-.1'O 

a set 

u,g,r,i, were op1tirr:LizE~d so 

a meciian redElhift 2002). 

nr(,i",,~t uses a m telE~sc()pe sit'uat;ed at Il.Vo,"-'l.!'" in 

splClctrmlcopic survey over 1.2 

Ad(llm~m-f\v1cL;art.h:v et 2008). 

salnp.le are r 

necessitates an au1conlated, L"'''laUL''' 

alg;orithlm SJ10111d pn)dllCe an accurate 

20 
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8 is 

ttuc1~uatlons in 1(8) 

= 0.2. 

ttuctuatlOIlS. It 

was ch()sen so lR(8) ins,enS:ltnre to 

is ::)tr'au:3S et al. as: 

= 

is ch()sen to insens:iti,re to see-

ditfen~nc:e in >'In,prtllr.'", de VallCOUleUrs 

eXI)OTIlen1Clal j.n ~,.u,~'" to a minimum. 

is et al., 

21 



Univ
ers

ity
 of

 C
ap

e T
ow

n

= 2 and is 

counterintuitive as one 

ter 

et 

as 

• 

• 

• 
an extra 

/(0')0' dO' 

is not oe'pell0Emt on U" .• LUJ.a 

oc,",U...,.'''' ifit an r 6 

is low 

uv'~all"v it is 

seems 

sources. 

,....~.~."' are 

the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Ji,local, sources is (due to 

can 

~ 0.05m 
. 

• 
were as 

a 

a 

can 

enter 

• 
r or 9 

to 

to 0.07% 

sources. 

....1J ........... ...., were cn()sen 

automated Dn()tO'mE~tn 

sources cz < 
were not an H I survey, mor-

et , 2007). 

a 

(SIN> 4 ). 
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A) 

a 

n1",r.n,o .. 1-"::,,, over a 

.......... JULJIJ sources are a.o.~L!",UvU 

sources. It 

to 

to carry out 

000 

a more accurate 

a of 

are 

","'-'''''-''''.L''O per 

j<.aJla..hJ.C;i:l as 

-----r- .. - were {'\hQ""~r"rI pretenmtial.L:y as 

sources. 
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is 
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H~'l1Ul1l1t;ittl as 

+ (2.5) 

<M:>1,iUHU_LiHILCCU sources 
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l.l. tem-
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source. 

without tar-

remove the ~"""Ai""w 

is 1J!,:tt;t;:u 

source of known 
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v is in is constant 

fl is on in it is 

as et 

fl= 

e is in is to 

at 

is by sources 

then 

to 

l.4K at 8 = at a cm 

2 

reciuc:ticln was caITied out two Roft:ware pac1<:ag(~S Cl~eated 

1 

Rottwli=\,re pa(~ka~~e was to remove as 

quency Int;erjten~n(~e as possibJ.e. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

alg;orithlll is as tOlltOVi'S Monmler 1{.agEugrLe et 

1. 

average was sut)tntct<~d 

2. 

were eX(;iSEd average rms mean 

strenl:!;th were .... a,j, .... u,'a,c'cu. 

3. spe'ctr,a, ctlamlels with 

more mean rms were Ha,~~,,,,U. was re-

is legl.tlm:ate HI sigrlalS 

pf()ceodUl~e is car-

s intl~gn:ttio;n sJ:)ect;rurn, 

entire 
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4. The cle,ane:d Sptlct1~a were 

5. 

-SOUf(;e S1pe(~tra were to remove 

-s}:leetra so it is not re-mtrO(lUC;ed into Ul\/-SI)ectra in 

6. average of the )l<'l<"-sClUr<~e Sl)ectra was sut)tntct(~d 

creates 

cleaned ON spe(;tra were rest 

some remains in 

The most troubleso'me was at 1 1 
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Figllf" 2.2: The II ! '[>""l·rum ul SDSSOO'2JH .0ti-l(\]n9.J ,llO.iing a ,(roll!\ CPS &ignal 

Tl.., horiwnt."l ~X\< L. in "nil, km' - J ilnd tho wrricaJ "xl. i. in "nil, of .)y_ The UPS 

COW" a wide range of .. "h,iti"" R in ) krn ,-';S '-'Cw' ;S 9 ());l kIn' -, and ('~ll"" "",,,re 

r'Hgill,~' ill (h., k""liH" ()n eith.,r &,d., o{ il·. 

re;,ulted ill" stWIl),; ",,';lieU at the et{uiveUeIlt of 8200kms-'. AS})l1 ""'''.Illpl!'', 

Fig. 2.2 ,lwws " sholl),; GPS ,i)')Jal in the 'I",",ctnun of SDSS0023,J7.66-

OO.3!HG.;t The hOriW11WI axis i, illUIlib of kIllS- l ami the wrtical 'L"{is is 

ill unit, of Jy. III Fi)';2.:) (&J well a", 2-1. 2.5 aIle! 2.6) th!" ba:;eline i, not 

at thp tRfO Ilux jp,'Bj bf'("au~ tll" lo""plin~ Ilormalisatioll has not yf't iJe€n 

perfofm!"d; the normalisation happ<"11~ only after the resiriual ba.;elin!" has 

I~n ~llbtrfl('ted (see §2_2.2)_ l"he GPS cover. a low",-l fa.ug!" of the b"seline. 

SCOJkms ';::: "Ci-'S;::: 900UklllS- 1 'l'he baseliIl!"of the "pe<.;tmm is ill<"t·te<l 

by ~P\'f'rf' ringing on eith<"f ~i("" of the m'l. 

28 
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programme was to convert raw 

ternpleratm:e in to density (in Jy) conversion 

pflJcE~dllres, a Qn,Of'trll1m 

was pn)dl1CE~d 

were SPE!ctl:a were idEmtitied eye 

p8ickEtge was to extract H I palranleters as 

0'<=1 II <=IV'" was entered into programme 

gal,3,xy was dis:pla:yed mdLVld.ually I 

SPE~ctl:a to use in were 

nr("\,.h,,..,,, one an ex,arrLple, 

axis is in units axis is in units 

contains a an inc:linled 

not rerno~led mltlga1;lOn alglJrithm beCi:tUse it 

40 s int(~gn'l.ticill STJec1;rmn. 

.L"'''.LUU,(U Galalctic H I emission. 

aUt'"'''''' 

at 0 

5000 

selE~ctE~d a sect;lOn 

cerltelred on nOIl-detecti()ns, we 

was 

is 

ex]:)ect;ed, ac(;ofldin.g to re-

any 

were mi'l,r~:ed on by Cl1C:Klflg 

user. seilection indlica.tes to programme 
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FigllI" 2.:), The '1"",""rllm of snss rom,-uel t;.19.1 B" it i< ~'"l'byrrl in SIR T"" 
horizontal axi, i, in unit, of bn,-l a.nd the wrlical ",-"<i, i, in unit , of.ly. Th~ 'P"'C""nml 

oonl,iu, "g,~xl (lo"ule horlJ prof,le of SiN _ 18,7 iL abo "II",,·, "'-1'0'11\ HFI ~l 9;;1)j Xu, b -, 

of nnkoown ori gin. The <igM I "j, 0 km ' I i, (\I", '.0 rc,idll~l Gal"M,k H J cmi " ioo_ 

"holll<l not be reIllow<l <luring uas",line subtraction_ 

T11e Tffii<lu8l bas<>line suutra~tion was rarried 

polynomial to the data; thi" is "hown in Fig_ 2,5, 

out by fittin" a 5'1< ordfr • 0 

This relatiwly high oTdfr 

wa.:l us",i ,~" th" rpsidual bHsIllines haw m8.nY ripples_ Thf SP<'tion" r.11at wer" 

mltrk.,.-I ,e, th" Hignal an<l RFI w"r" TIlpl8J:'ll<i by linPM i11t"rpolll-ti011S so that. 

th"y wOllld110t bp snb/r8rt.f'<L Th" dat,a ,,"'rp th"n box-rar sm()()r.hlld to a 

resolution of If'.km8-1 to improw t,llp sig111t1 to 11ois" rar.io (Th"urllall "r. ,,1, 

10%), Th" H"'Illm;on w,e, "pt to lSkm"-1 W minimis" t.h., llne"Itainty in 

th" r",,,,,,,ionltl v"loeity and v"loe;ty width Valllf'S 
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Fi,~urp 2, l, Thi, tigure .h",,·, <h< """,ion of 1;h< 'p<'Cullm. "m·h 1;h< '~l.~l in -ho cent"" 

~lIJ rtF! exci;."J, The leJ lin~ inJi'«I"" where I),,, 'ixml hoo Leen mlUkeJ olI un the 

L>l.,t.ly, "''' St'lflCt.oo I,hp m~:ximum int"'n~ i ty of the signAl. Ooubl.,..hornPil 

profiles 8C" oft"n 8S}'111met,'k; in thllSll C8S"" tlw maximum intell'ltv i" then 

chos<'n to be tbP mpfl.Il I"'fll.; filJX (If the two hocns_ Th" progrfllIlllle th"l1 

8utomfl.tkfl.llv d~t.Prminprl HI p8r8m,,\!ll'S sud1 "" int.Pgr8too Imp flux Sin' 

cpntml WIO{:jty, 1iiiI and "pl(K;ity wiclth~, Piguc" 2.(j shows tlw spectnlm 

8ft"c thp rpsidu81 b>l.,plin<' subtrfl.(;l,iOIl 8nd smoothing. Tlw Gottnm-most 

hoci~ontflllint' is tl", fl.Vt'rfl.gP lia",line, (he middle fl..lId tOJ! linflS 8C" tht' 20% 

anrl ,~()o/c k,~~6 of the maximum p<'8k flux Thr,w lpv~l~ m<' IN,<j to eakular.t' 

II", wlo{:jty widths, Irw amI Wit) fl.t th" Cit)'/( and 209{ It'vpl~_ 

:)1 
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2.3 Results 

The data that form part uf this th,::><is were culkdc'<.l betwt'Cn fd,ruary 2007 

and :-'larch 2IXJ~. In wtal. about ~OO hours uf tde"cupe lime were usc'<.l and 

1385 galaxies UJlllJ be oL>:;,~rn"L Of the 1385 g,.[=Kos. 800 were deteded 

and ,)79 were nut. Figure 2.7 show" the lListogram of all the galaxit'iO within 

the sample (~,ellow bars) and the galaxitos cldt'<.'lt'<.l in II I (red !Jars). 

figure 2.8 show8 an "'<jual-at",a proj('('tion of the 8ky di8tribution of th .. 

galaxi"" obSO"rv",d in this period in (>(juatorial coordinat",s Th", TP<i circles 

l'eprc'S€nt the II [ dete<.;t",d galaxies and the blue croo9€'S repr('9"nt H r non_ 

d",t('('tions. Th", voids at (}::\' < 0 < 110" and 2G.'>° < 0 < :Jll!r aTe du .. to 

the Gabcti~ plane. The three nat'l'Ow strip" in the wutlwrn galactic cap ar .. 
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rigur~ 2.0; Ih~ &mlHAh.,J ,poctrum ~ftE'r l~~,dine <nbtr"""ion. Th~ \.",,)<1\ "m~,on\~J 

line i, the "'-'»'''llE' b"'clil)(, for \he Sr~Xl!"Jjj Tho luiJJle ".!lU "-V Ii"." inuic~t~ tl~, WI'( 

"-[lU 5(JJo le",,1, of 'be m,,-~imnm P""" ftnx, 

part of the SOSS L,,!';ucy "U"'''y_ The rC!,;i()n !:>Ptwf'<"n I ~'IY :s " ::: 2 .. 00 and 

+ 100 :s J .:S +20" is (miy spa"d,.]\, P()PUIHWd b'''-'H'':>(' thp SDSS "ur"'y has 

no, compleced ob.:l<"r\iati()lls of thfl,t fll'PH of tIl{' _,ky 

For wmpa.rwJIl with Fi~_ 2.~, t,l", (Xl""} Hrca pmjpcI,ion of all Ih~ gulaxi~5 

in the SOSS "I>c<:tw"('()pi" Sm",,' "flmple i. ,;Il{m'n in Fig_ 2_~_ Th~ cur\iing, 

bl",:k wlid lill" wpT<'S('ms the Calariir. plan~_ 1'hp mflin s\lrv~y r"gion. cen­

tered at " ~. 2fKJ' Hlld r\ ~ :c!if and 1,hE- thrf'<" 50milPrn strip~~ are all parl 

of ,hp SUSS Le~",:y "\lTV"Y. TIl{' red an",,; flr~ pari of I,h" Sloan EXLPnsion 

for Galac,i" lnderslalldiIl!,; Hlld Explol'1Hion (SF.GFR) 1'h" iJhlP r"0ons ( 

Qr "~i)I'Ciar piat,,, n>-giOIl:l) mdicar.c ""m~.('" ,hHI, Hr~ part of Ilw main sun",y, 
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Fi~~lr" 2.7: Hi<t~am of all ~.Jaxi"" ,,'ithin 100 "am~le (yellow h,,,,) and ~alwe, Je­

""" Ie~ ill H , (rcd 00,,) 
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12if 

--+-.-

.j.~ - •• ~ 
.. .- ,.,., It Ita4 • "y.; 
.. " .... f ,."..., ~ 

FiI':Hr" ~.H: .~ n "lual-",'ra pru,kl>un o[ the sky dis\,'ihutiou oIlhe oLse,wl<i ~al""ic", in equalorial ooordin~t'" oil. oinNl from U", Slosn 

l)i!\ilal Sky Survey lJat~ Rem"" G. The red circJc<, indhllc liT d<'\('(\iOH •• \ll<' hill(' <TOSS'''' n,"l-d""""t;on,. I'h~ ,,,id, atliJo < I> < J]o0 

ill"l:!ti.'}" <". :!()90 lUe due 10 the Gal"ct.~, plane, The Ih,w ,In!", in the ."nlhern g"l""li~ C&P ,,'" p&n u[ the SDSS ~"".'" ""vey, 

The ffin\igll()lI< reg"'" of gal"_,"" >; centered", ahunt" _ Llh 11 jJl aud 6 _ :JW 



Univ
ers

ity
 of

 C
ap

e T
ow

n

300 240 180 
........ ; ... " ,,- ..... ,. .. -.' ...... ,"-

, 
120' , , .. " ..... ; ...... ',' . ... -., ... .. 

PigurE' 2.!J; n", "'1na1 ~"' .. ~"'J"<:hon ,,( .,It .lI<- ,~I.,I ... I" I"" SOSS ,;xlh cl ... ~ """""" .I><'CU""'''pi<' .""'''~ in "'l~otflri"1 """,,]ina\e.. 

Thtl ""'kl liue I~ """nl, th~ G~lactic pl."", .. \11 ,he g.'I"~!<oo 'H"'~\...-1 incllilliug \I""", ju II", \I""" """hI" n !'t,il"'_ .,... 1""-\ flr r he snss 
TAlKa<:y iU"",v 'I'h. rod ''yml~,b .,.~ tilT g~bx*" In Ihe ~FUUP. ,un"y. 'I'he hi"" ~I""" \!l,I,""'" \ 1 .. ,~;~l pi ,te ""'S"i"", r,'«<.q< 

,\,.,IIJ, .. ,-Mc-C .... U~'·.\ al (2In» 
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Chapter 3 

H I data results and quality 

control 

Before we began the detailed analysis of the data obtained from the sub­

sample of the NIBLES survey, we first needed to check the data quality. 

The catalogue of derived H I parameters are given, followed by a comparison 

to data from an existing H I catalogue, The Northern Extension of the HI 

Parkes All Sky Survey (Wong et al., 2006). 

3.1 H I data for this sample of galaxies 

This sample of galaxies consists of 1385 observations with a mean rms of 

3.22 mJy. Two hundred and forty three galaxies in the sample are optical 

"confusion" sources. Optical confusion sources are objects that are listed in 

the SDSS database as galaxies, but they are actually substructures within 

galaxies . The data for these confused sources were not included in the cat­

alogue of parameters (for a full discussion see §4.1.2). 

Eight hundred and six of the observed galaxies were detected, but not all 

of these detections are reliable. A reliable detection is one with peak flux, 

Speak ~ 30', where a is the rms for that particular observation. After excis-
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ing confusion sources and detections with Speak < 3a, the total number of 

reliable detections is 600. 

An extract of the catalogue of H I parameters is shown in Table 3.1. The 

parameters listed are: recessional velocity (VHI ) in kms-l, the rms in mJy, 

the velocity widths at the 50% (W50 ) and 20% (W20 ) peak flux level in km S-1, 

the peak flux (Speak) in mJy, the integrated flux (Sint) in Jykrns-1 and the 

H I mass (MHI ) in solar masses. The full catalogue of H I parameters for this 

sample of galaxies can be found in Appendix A. Note that an entry of zero 

in the W20 or W50 columns indicates that the parameter was not recorded. 

Speak is selected manually by clicking on the point of maximum flux on 

the galaxy spectrum in SIR (see §2.2.2) if the line profile is Gaussian. For a 

double horned profile, the peak flux is chosen to be average of the two peaks. 

W50 (W20 ) is the difference between the velocities that correspond to the 50% 

(20%) peak flux level. VHI is the mean velocity of the region of spectrum 

chosen for the line flux measurement (see §2.2.2). Sint is the area under the 

line profile. MHI is derived using Eqn.2.9. 

3.l.1 Multiple detections 

The NRT has a large beam size in the North-South direction (8 f'V 22' - 30'). 

This makes it likely that multiple sources are detected during an observa­

tion. During the reduction process, each H I galaxy spectrum was inspected 

for multiple H I detections in a single spectrum. These spectra were flagged 

and separately investigated. 

There are two types of multiple detection that can occur within a target 

spectrum: 
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Table 3.1: Example of the catalogue of H I parameters for this sample of galaxies 
Coordinates (J2 000) 

hhmmss degrees 

00 01 03.6 +14 34 48.6 

00 02 14.8 +14 29 16.0 

0003 15.0 +160844.7 

000344.3 +16 11 12.7 

0006 19.6 +14 1938.7 

000629.3 +14 10 56.4 

00 07 01.6 +14 06 23.6 

000834.3 -10 56 57.5 

000848.8 +14 02 01.3 

00 12 14.7 +15 1526.7 

00 13 38.6 +15 40 28.0 

00 13 44.0 +00 22 18.2 

00 20 09.3 +14 17 28.7 

0021 51.2 -09 29 32.1 

002749.7 -01 11 59.9 

003007.3 -11 0649.1 

00 30 09.0 -09 57 11.8 

00 30 29.8 -08 46 59.8 

0033 22.1 -01 07 16.7 

00 34 02.8 -09 42 19.2 

00 34 57.9 -09 20 31.9 

003628.9 -10 06 22.1 

0037 10.6 -09 27 25.1 

00 39 22.9 -08 49 24.4 

0041 33.9 -10 01 17.1 

004332.4 +14 20 33.2 

00 43 51.9 +00 48 07.0 

004423.3 +14 17 15.7 

00 45 51.9 -{)9 19 41.5 

00 46 08.8 -10 24 31.0 

004746.4 -09 5006.1 

00 47 47.5 -09 53 58.3 

00 51 59.6 +00 29 12.1 

00 52 52.8 +01 12 50.4 

005329.9 -08 46 04.0 

005642.7 -09 54 49.9 

00 57 56.6 +00 52 08.9 

01 0004.1 -11 04 57.3 

01 00 45.8 -09 11 08.5 

01 01 19.5 -09 50 42.9 

1679 

5053 

1064 

6265 

5330 

5654 

5320 

8842 

1902 

1861 

1952 

3926 

4713 

6130 

3846 

3477 

5059 

5236 

1976 

3706 

6709 

5777 

5172 

5672 

3851 

4387 

5358 

4115 

6007 

3919 

5640 

1344 

1612 

1754 

5517 

5552 

2263 

5323 

4507 

4495 

rms 

[mJyj 

2.32 

2.71 

2.18 

2.67 

2.66 

2.53 

2.72 

2.85 

2.56 

2.31 

3.18 

2.71 

2.15 

2.4 

2.77 

2.65 

2.85 

2.83 

2.55 

2.69 

2.76 

2.52 

2.32 

2.91 

1.6 

2.38 

2.74 

2.46 

2.77 

2.69 

3.04 

5.07 

2.79 

2.53 

2.62 

2.75 

2.95 

2.64 

2.78 
2.41 

32 

175 

463 

232 

14 

136 

205 

110 

98 

53 

129 

120 

171 

299 

235 

325 

206 

260 
144 

449 

339 

307 

147 

228 
539 

205 

228 

77 

166 

148 

430 

132 

175 

94 

167 

199 

91 

142 

144 

242 

40 

48 

201 

489 

290 

77 

247 

284 

135 

117 

64 

144 

176 

190 

309 

249 

342 

330 

293 

168 

467 

420 

351 

227 

277 

564 

225 

259 

104 

219 

178 

o 
166 

192 

124 

224 

225 

121 

224 

298 

260 

Speak 

[mJyj 

6.96 

12.74 

26.38 

11.21 

9.31 

10.37 

9.79 

41.04 

24.32 

7.85 

22.26 

9.49 

11.83 

9.6 

29.92 

21.47 

10.55 

15.28 

103.02 

51.38 

10.49 

13.1 

12.3 

10.77 

9.12 

18.56 

19.29 

10.09 

12.74 

9.15 

10.64 

99.37 

82.58 

9.61 

9.43 

80.85 

13.28 

27.46 

36.42 

7.95 

0.14 

1.77 

9.98 

1.97 

0.15 

1.11 

0.98 

4.29 

2.05 

0.43 

0.69 

0.75 

1.4 

1.49 

4.98 

4.68 

1.56 

2.67 

13.15 

15.92 

2.12 

2.65 

1.23 

1.28 

2.08 

3.29 

3.34 

0.54 

1.65 

0.54 

2.11 

13.06 

11.59 

0.7 

1.05 

15.32 

0.94 

3.87 

5.82 

1.25 

7.3 

9.4 

8.7 

9.6 

8.3 

9.3 

9.1 

10.2 

8.6 

7.9 

8.1 

8.8 

9.2 

9.5 

9.6 

9.5 

9.3 

9.6 

9.4 

10.0 

9.7 

9.7 

9.2 

9.3 

9.2 

9.5 

9.7 

8.7 

9.5 

8.6 

9.5 

9.1 

9.2 

8.0 

9.2 

10.4 

8.4 

9.7 

9.8 

9.1 
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• both the target galaxy and what appears to be an extra galaxy are 

detected. 

• the detection may not be due to the target galaxy, but a second galaxy. 

In this sample of galaxies, only 3 of the spectra contained what appeared 

to be an extra detection. Six detections are due to galaxies that are not the 

target galaxy. The data from these 9 spectra were not included in the analy­

sis. The profiles with extra detections cannot be used in analysis because the 

profiles appear to be overlapping (see Fig. 3.1). It is then not possible to iso­

late the flux due to the target galaxy only. The detections caused by galaxies 

other than the target galaxy are not used because the detected galaxy is not 

in the NIBLES sample. 

The NASA Extragalactic Databasel (NED) was searched to try to iden­

tify the possible sources causing the extra detections. A search for galaxies 

within a radius of rv 15' (the maximum angular separation between galaxies 

in the beam if the target is at the center of the beam) was performed. Any 

galaxy that fell within this search area with a redshift corresponding to the 

extra detection was noted as a possible source of the extra detection. 

Next, the SDSS finding chart website2 was used to try and identify any 

extra galaxies that fell within the NRT beam during observation of the tar­

get galaxy. The finding chart tool displays SDSS colour images of galaxies. 

The pixel scale and angular size of these images can be set by the user. For 

my purposes, the image dimensions were set equal to the maximum dimen­

sions ofthe NRT beam, i.e. a x 0 ,....., 4' X 30'. Using these images, I was then 

able to view all galaxies that fell within the NRT beam during an observation. 

The extra galaxy that appeared in the SDSS image was then compared 

to the NED images of the galaxies that were noted as possible sources of 

1 http://nedftp.ipac.caltech.edu/ 
2http://cas.sdss.org/astrodr6/en/tools/chart/chart.asp 
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the extra detection. If the galaxy in the NED image matched the galaxy in 

SDSS image, then the galaxy was chosen as the source of the extra detection. 

Figure 3.1 shows examples of spectra where multiple signals are present. 

The black lines in both spectra indicate the recessional velocity of the target 

galaxy. In the left panel the spectrum of SDSS151505.2+421233.9 is pre­

sented. The signal profile looks like the typical double horned profile of an 

inclined spiral galaxy, but with two smaller peaks on either side. This un­

usual shape is thought to be due to two overlapping double horned profiles, 

one wider than the other, at the same redshift. 

The right panel of Fig. 3.1 shows the spectrum ofSDSS133011.5-013947.2. 

This profile has a triple horned shape. This shape is also most likely due to 

overlapping signals of galaxies with similar redshifts. 

(106 
SDSS151505.2+4212319 

0.08 
5055133011.5-013947.2 

0.05 
0.07 

~~ 
0.04 

\ 
0.06 

0.03 0.05 

';: 
~ 0.04 ;::) 

X 0.02 
::J 

\ 
x 

;;: ::J O.OJ 

O.o! -= 
0.Q2 

~ 0.01 

-o'i¥soo 2000 2500 lOOO 3500 4000 -0'%00 4000 4500 5000 5500 
lIel [I<m/sj vel [kmls] 

Figure 3.1: Spectra of galaxies that appear to have two detections per spectrum. The left 

panel shows the spectrum of SDSS151505.16+421233.9. The right panel shows the spec­

trum of SDSS133011.49-013947.2. The black lines on both spectra indicate the recessional 

velocity of the target galaxies. 
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The SDSS finding chart images of SDSS151505.2+421233.9 and 

SDSS133011.5-013947.2 are shown in Fig. 3.2. SDSS151505.2+421233.9 is 

centered in the left and SDSS133011.5-013947.2 is centered in the right 

panel. Each image has the same dimensions as the NRT beam, a x 0 = 4' X 22'. 

The galaxy causing the extra flux in the profile is clearly visible below the 

target galaxy in both images. 

Table 3.2 lists the galaxies that have multiple signals in their spectra as 

well as the most likely candidate galaxy for the source of the second signal. 

The first column gives the names of the target NIBLES galaxies, the second 

column contains the description of the profile and third column lists the op­

tical recessional velocity of the target galaxy. The fourth column lists the 

name of the most likely source of the second detection; the optical recessional 

velocity of these galaxies are given in the fifth column. The last column con­

tains the reference code for the velocities. 

Table 3.2: Galaxies with multiple detections per spectrum 

Target galaxy profile description Vopt Likely 2nd galaxy Vopt Ref 

[kms-i] [kms-i] 

SDSS133006.1-014314.1 triple horned signal 4317 NGC 5184 3991 2 

SDSS133011.5-013947.2 triple horned feature 3937 NGC5183 4290 1 

SDSS151505.2+421233.9 four peaks in profile 2499 NGC 5899 2562 3 

References: [1] Fisher et al. (1995),[2] Catinella et al. (2005), [3] de Vaucouleurs et aJ. (1991) 

Figure 3.3 illustrates the second type of multiple detection. The left panel 

shows the spectrum of SDSS081753.93+244112.0. There is a strong signal 

at v rv 2000 km S-l. The recessional velocity of the target galaxy is v = 

1 701 kms-1 (as indicated by the black vertical line), but this signal is not 

detected. The right panel shows the spectrum of SDSS140711.34+550006.0. 

The black line indicates the recessional velocity of v = 1918 km S-1. There 
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Table 3.3: Undetected galaxies with an H I detection originating from another source 

Target galaxy Vopt Other galaxy Vopt Ref 
[kms-I] [kms-I] 

SDSS081753.9+244112.0 1701 Ie 2267 2044 4 

SDSS084809.2+ 173641.3 6178 Ie 2406 4670 5 

SDSS122203.9+090205.6 996 NGe 4307A 5836 7 

SDSS124342.3+113329.5 1022 NGe 4647 1422 6 

SDSS140050.0+493059.8 1522 UGe 08936 1907 8 

SDSS140711.3+550006.0 1918 NGe 5486 1390 3 

References: [3] de Vauconleurs et a1. (1991), [4] FaIco et a!. (1999), [5] Paturel et aL (2003), [6J Binggeli 

et aI. (1985), [7] Meyer et a1. (2004), [8J Smoker et a1. (2000) 

in order to verify the consistency and accuracy of the NIBLES data. The 

NHICAT data were chosen for comparison with the NIBLES data because 

the survey areas overlap and the surveys have a similar redshift range. 

NHICAT was a blind H I survey that detected 1002 galaxies in the dec­

lination range +2°< b < +25° 30' and one source just below b = 2°. The 

observations were taken during the period from 2000 to 2002 using the multi­

beam receiver on the 64 m Parkes radio telescope. The integration time was 

450sbeam-1 resulting in a survey sensitivity of 14mJybeam-1 . The survey 

velocity range is -1280 km S-1 < v < 12700 km S-l. Galaxies in the range 

-300kms-1 < v < 300kms-1 were omitted to avoid high levels of Galactic 

emission. 

The declination range for NIBLES is -11° 9' < 8 < +68° 42'. There 

are no observations in the right ascension ranges 4° 11' < a < 7° 19' and 

17° < a < 20° 54' as these coordinates correspond to the Galactic Plane. 

Therefore not all galaxies in the NIBLES sample fall within the NHICAT 

survey area. In total, 210 detected galaxies fall within both the NHICAT 

and NIBLES survey areas. 
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NHICAT has a positional accuracy of 1.5'. A source in NIBLES was 

matched to a source in NHICAT if they were within 1.51 of each other and the 

difference between their recessional velocities, .6.VH1 < 100kms-1
. Twenty­

five galaxies were matched in this way. The compared parameters are VH1 , 

the rms, Speak, Sint, W 20 and W 50 . 

The velocity widths for NHICAT were determined using both a maximi­

sation and a minimisation procedure. The minimisation procedure starts at 

the velocity corresponding to the peak profile flux and searched outward until 

the desired peak flux level is found. The maximisation procedure searches 

inward from the edges of the profile until the required flux level is reached. 

The NIBLES velocity widths are determined by simply finding the velocities 

corresponding to the required flux level. It was found that the NIBLES data 

matched the maximised parameter most closely and these velocity widths 

are listed in Table 3.4. VHI in NHICAT is measured in several ways. The 

parameter that is recommended for use by the NHICAT team (and the one 

that is listed in Table 3.4) is called v'5(r'. This parameter is the mean veloc­

ity at which the profile reaches 50% peak flux when using the maximisation 

procedure. Speak is the maximum flux density within the profile. Sint is the 

integrated flux density within the area between the manually selected profile 

velocity limits and the data box size (see Meyer et al., 2004, §3.2.2). 
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Table 3.4: NIBLES and NHICAT data comparison 

SDSS name VHI rms Wso W20 Speak Sint 

[kms-I] [rnJy] [kms-I] [kms-I] [mJy] [Jykms-1] 

HIPASS name VHf rm8 W50 W20 Speak Sint 

SDSS001338+ 154028 1952 3.2 129 144 22.3 0.7 

HIPASSJOO13+15 1925 6.4 142 171 30.3 3.3 

SDSS013015+144039 2427 5.2 118 147 38.3 3.7 

HIPASSJ0130+14 2450 7.8 118 59.9 6.4 

SDSS101358+070l26 1210 2.8 211 235 145.3 26.7 

HIPASSJI013+07 1216 52.9 217 241 215.8 37.7 

SDSSlO1414+032759 1213 2.5 422 482 138.4 47.1 

HIPASSJ1014+03 1223 9.0 438 505 329.2 118.2 

SDSSlO1747+215224 1579 2.9 211 246 40.0 7.4 

HIPASSJ1017+21 1570 6.6 191 272 61.3 9.6 

SDSS104207 + 134449 1306 2.8 304 344 170.3 42.7 

HIPASSJ1042+13 1309 62.3 332 359 413.6 91.7 

SDSS105539+022347 1026 2.5 97 135 21.2 2.0 

HIPASSJ1055+02 1043 7.7 85 37.7 3.6 

SDSS1l2426+112031 1051 2.3 255 273 102.4 24.9 

HIPASSJ1l24+1l 1061 77.4 265 288 202.5 42.2 

SDSSl12824+092427 1733 2.5 402 420 31.8 7.6 

HIPASSJ1128+09a 1743 6.9 410 437 72.3 14.0 

SDSS113419+131919 1194 2.9 66 III 51.1 4.0 

HIPASSJ1134+ 13 1198 6.8 73 98 48.7 3.4 

SDSSl13737 + 163322 1029 3.1 153 182 57.8 7.8 

HIPASSJ1l37+16 1029 6.6 142 173 66.1 7.3 

SDSS120110+ 140613 1492 2.9 199 223 44.2 7.7 

HIPASSJI202+14 1477 6.9 136 214 95.8 13.0 

SDSS121127+025534 1272 3.3 95 117 78.7 6.8 

HIPASSJI21l+02b 1295 45.3 95 114 78.4 6.7 
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Table 3.4 continued .,. 

SDSS name VHI rms W50 W20 Speak Sint 

[kms-I] [mJy] [kms-I] [kms-I] [mJy] [Jykms-I] 

HIPAS8 name VHI rms W50 W20 Speak Sint 

8D88124356+130736 1044 2.3 283 312 120.6 30.2 

HIPA88J1243+13b 1058 112.2 278 314 255.2 51.8 

SDS8124745+134546 1612 2.8 183 203 29.9 4.78 

HIPAS8J1247+13 1633 7.8 163 186 47.9 6.2 

8D8S131652+123253 960 2.9 165 199 61.9 9.9 

HIPA8SJ1316+12 966 124 173 193 64 10.1 

SDS8132032+052429 950 3.3 72 161 14.2 1.1 

HIPA8SJ1320+05 962 14.7 86 115 58.9 4.9 

SD8S132038+094710 1122 3.1 139 156 70.7 8.9 

HIPA88J1320+09 1134 45.3 150 112.2 15.5 

8D88143039+071630 1351 3.0 180 206 78.4 13.1 

HIPA88J1430+07 1354 32.8 183 217 144.1 19.8 

SD8S143324+042701 1571 2.9 106 132 196.1 19.5 

HIPASSJ1433+04 1581 6.8 100 128 438.1 42.5 

SD8S144058+021111 1621 2.4 145 166 24.4 3.2 

HIPAS8J1440+02 1638 6.0 124 170 30 3.4 

8D88144257+045327 1633 2.4 307 323 71.5 16.6 

HIPASSJ1443+04 1649 8.0 305 330 94.4 21.3 

8D88154544+203337 2075 2.7 60 84 103.6 6.6 

HIPA88J1454+20 2092 7.4 70 101 126 9.2 

8D88160817+073218 1360 2.7 209 228 59.9 11.0 

HIPAS8J1608+07 1370 7.7 215 238 96.3 14.8 

8DS822581O+ 141830 2105 3.0 103 129 50.9 5.0 

HIPA88J2258+14 2113 6.6 109 155 74.8 7.6 
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Figure3.5 shows the comparison of the NIBLES and NHICAT rms val­

ues. The high NHICAT rms values are for sources with <5 > 10 0. These high 

high declinations mean that the observations are taken at lower elevations 

and this increases the solar interference, which in turn raises the rms of the 

observations. 
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Figure 3.5: Comparison of NIBLES and NHICAT rms. 

The data for VHI and W50 Table 3.4 are plotted in Fig. 3.6. The NIBLES 

data for VHI (left panel) and W50 (right panel) are well matched to the 

NHICAT data. The black lines on both plots are the lines of equality. The 

rms scatter for VHf and W50 in these plots is 12kms-1 and 17kms-1 re­

spectively. The NIBLES spectra were boxcar smoothed to a resolution of 

18 km S-l. The NHICAT team used Hanning smoothing in their reduction 

process resulting in a resolution of 26.4kms-1 . VHf and W50 are in good 

agreement given the velocity resolutions of the two surveys and the data 

show no systematic variations .. 

The comparisons of Speak and Sint are plotted in Fig. 3.7. The black lines 

in both plots are the lines of equality. There are large disparities between the 
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will be resolved by the NRT beam, where P A is the position angle of the 

galaxy measured eastward of North and RHI is the H I radius of the galaxy. 

RHI is estimated to be rv 2Ropt (Broeils & Rhee, 1997), where Ropt is the op­

tical radius of the galaxy. Since the NIBLES survey only used one pointing of 

the NRT to observe a source, some galaxies, particularly nearby spirals, will 

be larger than the observing window and will therefore not have a complete 

flux measurement. This leads to an underestimation of the flux of the galaxy. 

For the 25 galaxies compared in Table 3.4, 8 were extended compared to the 

East-West diameter of the NRT beam. The data for Speak and Sint presented 

in Table 3.4 are therefore lower limits on the total values. The extended 

NIBLES sources will be re-observed using multiple pointings at a later stage. 

For NHICAT, extended sources were manually identified and their flux values 

were re-determined by summing the flux in each pixel of the moment map 

(see Meyer et al., 2004, §3.5). This difference in observational methodologies 

will result in different parameter distributions for the two galaxy samples. 

Figure 3.8 displays the histograms of the W 50 (top panel), Speak (middle 

panel) and Sint (bottom panel) parameters for the NIBLES sample and the 

NHICAT sample. In all three plots the darker shading indicates NIBLES 

data and the lighter shading corresponds to the NHICAT data. 

The distribution of W50 is skewed towards lower values for the NIBLES 

sample because NIBLES detected a higher number of low mass systems, such 

as dwarf galaxies. The NHICAT integration time is too short to allow detec­

tion of these low mass objects with narrow profiles. 

The histograms of Speak are shown in the middle panel of Fig. 3.8 (in the 

discussion that follows, the logarithmic values of Speak and Sint are given in 

parentheses so that the values can more easily be related to Fig.3.8). The 

NIBLES data include many more systems with low peak flux values (Speak < 
0.03 (-1.5) Jy) than NHICAT. NIBLES detected more low flux systems be-
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cause the integration time per source is roughly 30 minutes, compared to 7.5 

minutes beam-1 for the NHICAT sample. The underestimation of the flux 

of extended sources leads to a paucity of galaxies with Speak> 0.32 (-0.5) Jy 

in the NIBLES sample. 

The bottom panels of Fig. 3.8 show the histograms of the integrated flux 

densities, Sint, for the NIBLES sample and the NHICAT sample. Again, 

the impact of not completely observing extended sources is evident in the 

NIBLES data. The NIBLES sample has more galaxies with Sint < 3.16 

(0.5) Jy km S-l because there are more sources with narrow profiles and low 

peak flux values within the sample. The NHICAT data has many more 

sources with Sint > 31.2 (1.5) Jy km S-l due to its larger number of galaxies 

with high peak flux values. 

Two effects that lead to a difference between NIBLES and NHICAT flux 

distributions have been discussed; lower mass galaxies observed by NIBLES 

due to its longer integration time and higher mass galaxies that have under­

estimated flux in NIBLES if they are extended sources. In order to quantify 

these two effects, the histograms of W 50 , Speak and Sint for the galaxies listed 

in Table 3.4 are shown in the top, middle and bottom panels Fig. 3.9 respec­

tively. 

The histogram of W50 in Fig. 3.9 shows no significant difference between 

the NIBLEs and NHICAT data. The Speak data shows that NHICAT has 

5 more sources than NIBLES with Speak> 0.20(-0.7) Jy. NIBLES has 4 

sources with Speak < 0.03( -0. 7) Jy more than NHICAT. The effect of under­

estimating galaxy flux then seems slightly more pronounced than the effect 

of longer integration time, but with such a small sample this observation 

may not be statistically significant. For the Sint data, NIBLES has 3 more 

sources than NHICAT with Sint <3.2 (0.5) Jy km S-l and NHICAT has 3 

more sources than NIBLES with Sint <31.2 (1.5) Jykms-l. So for the Sint 
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data, the two effects appear to be evenly matched. 
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Chapter 4 

Optical data quality control 

investigation 

Before starting a comprehensive analysis of the data, it is necessary to first 

peruse the global properties of the galaxies, such as the HI mass-to-light 

ratios. This preliminary analysis helps to identify any areas of concern or 

potential pitfalls in the data. 

4.1 Introduction 

During the course of the preliminary data analysis, a sharp increase of the 

H I mass-to-light ratios (M H d L) for faint galaxies in the magnitude range 

-14m;s Mg ;S -'F was noticed. This is illustrated in Fig. 4.1 which shows 

a plot of MHdLg (in solar units) for the galaxy sample against 9 band ab­

solute magnitude. The bright galaxies (black crosses) in the range - 22m ;S 

Mg ;S -14m have 0.01 ;S lvlHd L ;S 1. Roberts & Haynes (1994) performed 

an extensive study of galactic physical parameters and found that MHI / L 

increases for later-type galaxies. The median range for early types (E to Sb) 

was 0.03 M0/L0 < MHI/ LB < 0.21 M0/L0' For later types (Sbc to SlIm) 

the median range is higher, 0.29 < MHdLB < 0.78. The values of MHI/L 
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than 5 M0 /L0 . A study by van Zee (2001) calculated M HI / L B for a sam­

ple of over 50 late-type galaxies with magnitudes M > -Ism. The range of 

MHI / LB was 0.1 M0/L0 :::;MHI/LB :::; 6.9 M0/L0' In that sample, only two 

of the galaxies had MHI /LB > 5 M0/L0' Furthermore, the blind H I survey 

carried out by Spitzak & Schneider (1998) found 34 galaxies (out of a sample 

of 75 sources) with 1 M0/L0 ;S MHI/ LB ;S lOM0/L0; only five sources had 

MHI/LB > 5 M0/L0' For ease of comparison, these results are summarised 

in Table 4.1. The first column gives the publication in which the data was 

resented, the second column lists the sample size, the third column gives the 

range of MHI/ LB and the fourth column details the number of sources in the 

sample with MHI/ LB > 5 M0/L0' 

Table 4.1: Comparison of high MHI/LB results 

Reference sample size MHI/LB Number of source with M HIlL B > 5 M0/L0 

[M0/L0J 
This sample 806 0.01-105 59 

Warren et al. (2006) 9 1.1 - 22 1 

van Zee (2001) 55 0.1- 6.9 2 

Spitzak & Schneider (1998) 75 0.1 -10 5 

The findings of these studies suggest that systems with MHI/LB > 5 M0/L0 

are rare. This would make the extremely high values of MHI / Lg seen in 

Fig.4.1 rather exceptional. In the rest of this chapter, I investigate various 

biases, selection effects and parameter estimates to ascertain the cause of 

these large mass-to-light ratios. 

4.1.1 A Malmquist-type selection effect 

One possible cause for the steep upward trend could be a Malmquist-type 

bias in the data. The Malmquist bias (Eddington, 1913; Malmquist, 1936) 
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is a selection effect whereby objects with fainter absolute magnitudes are 

under-represented at larger distances in samples of galaxies. This results in 

a dataset that is skewed towards brighter sources as distance increases. 

The NIBLES sample was chosen based on absolute magnitude and roughly 

equal numbers of galaxies across the magnitude range. The bias due to an 

apparent magnitude cut off should not be present in the data. 

The galaxy Luminosity Function (LF) is optical analogue of the H IMF; 

i.e. the LF relates the number density of galaxies to the optical lumniosity. 

As with the HI MF, the LF can also be described by a Schechter function 

(Schechter, 1976): 

L L 
<.p(L)dL = <.p*(LJQexp(- LJd(L/L*), (4.1) 

where the <.p(L) is the space density of the galaxies, <.p* is the normalisation 

constant, L* is the H I luminosity at which the LF shows a sharp change in 

slope and a is the slope of the LF when L « L * . 

The LF indicates that the number of galaxies rises steeply for fainter, 

later-type systems as shown in Fig.4.2 (see also Heyl et al., 1997; Marzke 

et al., 1994). The top left panel shows the LF for all the galaxies in the 

sample. The "Type" label in the upper left corner of the remaining panels 

indicate the morphologaical type of the galaxies, where Type 1 is the earliest 

type and Type 5 is the latest. It is clear from this image that the number 

density of galaxies increases for later types. This increase in numbers will 

lead to increased scatter in the luminosity data; more outliers from the mean 

luminosity will be seen. 

The NIBLES H I sensitivity is rms = 3.22 mJy. Only systems with suffi­

cient H I flux will enter into the sample as a detection. The sensitivity cut-off 

introduces a Malmquist-type selection effect within the H I data; systems 
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The trend of steeply increasing MHl / Lg can therefore not be explained by a 

Malmquist-type selection effect. 

4.1.2 Confusion sources 

The SDSS uses an automated system to identify and analyse objects. This 

system sometimes incorrectly identifies objects as galaxies when they are 

not. These objects are called optical confusion sources. An optical confusion 

source is one that is identified by the SDSS photometry software as a galaxy 

and listed in the database as such, but is actually a substructure within a 

galaxy, such as an optically bright star-forming region. 

These misidentified objects may lead to a bright galaxy being classified as 

a faint one. For example, Fig. 4.3 shows SDSS 012206.4+005616.6 (left panel 

of Fig. 4.3, circled) and SDSS 012213.9+005731.4 (middle panel of Fig. 4.3, 

circled). The image in the right panel is centered on NGC 0493. It is clear 

that SDSS 012206.4+005616.6 is actually a compact, optically bright region 

at the south east end of the parent galaxy, while SDSS 012213.9+005731.4 is 

a star-forming region at the other end of the parent galaxy. These sources are 

listed as separate galaxies in the SDSS database with apparent B band mag­

nitudes of 20. rm and 19.4m respectively. These sources are actually bright 

regions within NGC 0493, a galaxy with an apparent B band magnitude of 

mB = 12.9m
. 

The large MHl / Lg values could be caused by confusion sources in the 

sample. The misidentified source would be a substructure of the parent 

galaxy, leading to an incorrect and clearly underestimated magnitude value. 

The H I mass for the source would be one associated with the entire parent 

galaxy, since the beam size of NRT is usually large enough that the galaxy 

remains unresolved in H I. Thus, when the ratio of these two parameters is 

calculated, it yields a value that is unrealistically high. 
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For instance, SDSS 142837.8+003311 (henceforth source 2275) is such a 

confusion source. It is actually part of the galaxy PGC 051719. Source 2275 

has an absolute 9 band magnitude Mg = -11.5~ and MHI = 2.75x1Q8 M0 · 

This results in an incorrectly derived MHI / Lg = 41.6 M0/L0' The par­

ent galaxy, PGC 051719, has an absolute 9 band magnitude of Mg,parent = 

-17.31 m, the H I mass is equal to that of source 2275. The parent galaxy has 

MHI / Lg,parent = 0.21 M0/L0' 

In order to excise the confusion sources from the sample, the SDSS colour 

image of each galaxy was examined to identify and eliminate obvious con­

fusion sources in the sample. Each galaxy was then also cross-checked with 

the NASA Extragalactic Database (NED)1 to search for further confusion 

sources. These objects were noted and eliminated from the sample. 

1 http://nedftp,ipac.caltech.edu/ 
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j'jg:u)'p 4.3: Cok.,,,. illL~g"" (&' x t/) 0{ SDSS 01 nOO_'1+005(i\C ,u , ci.-.:l"d (lefl [-"'1"1'1 ~Jjd SDSS UlZ~J3.~+W"731 I. ci.-.:l"d ('lJi<ldl e 1-"'1"H 

""" dead,)' Hot ~"l""ief,. Lu' r"th"r tl",) are I"'I-t of :\GCO,I(IJ (Ii!:),I). 
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To dimillat" COIlf"",, n1 bOUf,-"S, the g"laxi ... witl, the highe:;t ,\ I Jj j / L. va I­

""" were iIl\~"ji~"teJ; jtJ bOmce, Witll ab.solllt~ 9 band 1l I a~)'it.llcl"" _ lIim:::: 

Jl, .:::: -j"'. Twenty"ix of the".. g3laxie~ were found to Iw ('O I\f\1siol1 "illlT""S 

(owr 20J L'OlIli,SjOIl >IOILrC", were fOlLnd t hroUgl1OILt the ~~mplpj. Fig.· j ·j 

,11OW" re plotted .\lmiT. It' 8018T u\li ts 8!(~ i n5t. thp &b~ollltp q h8ml lna)\Ili­

tl1(lp for rhe;;e 75 SOllT""" . T h<' red ~f( )ti>;('" nn' l\(m-Cf)l\n1hr~1 SlJure',.; ; th" blur' 

cirdf':l arp ('Onfllsp, l i'Dllrms Sixt""n som~~" (:n'X of Ihe n'"miniIl)\ galaxi,'~) 

with .tim/I,. > :10 \ )")1·,, ~r" "itill prC5\'nt, COIlfll~i()l\ HOlln',," a low' l<lU 

rhp,."forp lLot ~rco " nt, for th<> high H , mas---t.<>-light ratios. 

·12 

F ig"re. .fA: T I", plol of .IiN 1./ L, "" .\1, for th" 7.> bini gtJ",,;.,; with the hi~Il!"'1 value, 

"f .ttNz/L,. '1'1", red ern",,,, ~m ooure", with no cO<J[U,XJIL; II", blc>e eirel", "'" eOlL[Obed 

""Ure"" 

4_1.3 Inclination effects 

The SDSS ,,_ nrc1.1bc Petru,i"Il apt'rlLLr", (:;ee §2.1.2) to c<l!l!" out pho­

tometrY. It wa" tllOllg!lt tlllll Ih""" 3p"nllre6 may leaJ to "' h" accurate 
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fit to the shape of the galaxies depending on inclination than an elliptical 

aperture. This could lead to incorrect magnitude determination. This is es­

pecially true for highly inclined systems as they would deviate significantly 

from a circular shape. If circular apertures were to yield an underestimate 

of the magnitudes and subsequently a low luminosity value, it could explain 

the large values of MHI / Lg seen in Fig.4.1. Strauss et al. (2002) state that 

the use of circular apertures does not influence the photometry for inclined 

systems, but it was felt that the inclination should be investigated to verify 

this statement. 

To examine whether the inclination of the galaxies contributed to the 

high MHd L9 values, the galaxies were divided into a high inclination group 

and a low inclination group. The inclinations were determined using the 

isophotal diameters of the galaxies. There were also galaxies for which no 

inclination data were determined because the SDSS isophotal diameters were 

not reliable. 

Figure 4.5 shows the faint galaxies with different symbols distinguishing 

the different inclination groups. The blue crosses represent galaxies with 

inclination i > 50°, the red circles are galaxies with i < 500and the black 

asterisks are galaxies for which no reliable isophotal diameters are available. 

The majority of the highly inclined systems have 0.32 M0/L0 < MHI / L9 < 
6.3 M0/L0' a normal range. The systems with low inclination tend to be 

fainter and have higher values of M HI / Lg • The galaxies with no inclination 

data have the highest value of MHI / L 9 . There appears to be a bias against 

low inclination or no inclination galaxies in the magnitude range Mg > -13m
• 

A deeper investigation of the photometry was required to rectify the spu­

rious data MHd L and to resolve the apparent bias due to inclination. Indi­

vidual photometry on galaxies over the entire magnitude range was needed. 

These results could then be compared to the magnitudes generated by the 
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Figure ';.5: Mill/I." v. M, The l~uecm,,,,,, are gal,x;", with iociina,;on; > rJ)', Il", 

"'(\ ei",le, arc g'"",,;es ",-".1\ mclinati(lt1 i < 51)" and the hh,k ,.,.,teri", ~'" gal""." fm 

",hid\ no inclinMion {b,·~ j, ~ .. ",il~bJ<. 

suss algorithm This ill\"'ti~fl.ti(~l 3nd its ,.."ult, 3r~ rliS~\l8S..d in the *,,xt 

OO<'tion. 

4.2 Re-analysis of the photometric data of 

faint SDSS galaxies 

A sllb -:mmple of I(H I':~lll.xies wa._ dlO:len [rom the :mmple [<JI photometry 

[('-fl.Iluly:<is, All the i(fllaxiL'S in t.he :"IBLES :lample we a.':li~!ed to }'I, mag­

nitude bill" tlmt are n,,~m wide. If there were Ie"", tlmn ::0 l:alaxic" ill a bin, 

thell the entire bin was induded in the ,nb-sample, Therefore. all galaxies 

with _24m .<:: ,\1, ~ -23 . .5 <l.I1U _13m :S .Hz :S -10 were induded in the 

sub-,wnple. Galaxie, with -23.om S AIz S _13m were ciw:;en randoml, •. 

The g band phutometry fur the sui:>-,ampl~. as well as (he, band photmneIT,. 
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for the faintest galaxies (-14m :s; Mz :s; -10m), were re-calculated. The re­

analysis was done in two filters to check whether the results were consistent 

in both filters. This is to ensure that any results obtained applied to the 

entire bandpass range. The photometry was re-evaluated using the Source 

Extractor (SE) programme (Bertin & Amouts, 1996). 

SE is a programme that carries out automated detection and photometry 

on sources in FITS files. It works by first calculating and subtracting the 

background radiation from the FITS image. It then detects objects that are 

brighter than a specified threshold level and measures their positions and 

shapes. Photometry is carried out on these objects. The programme writes 

the data (apparent magnitude, position, axes ratio, etc.) for each object to 

a catalogue file and creates a "check" image of the FITS file. This "check" 

image is used to verify that the correct source has been analysed. The FITS 

image files for each galaxy were obtained from the SDSS Data Archive Server 

2. For this work, SE used the Petrosian system to determine the magnitudes 

of the galaxies. The data obtained from SDSS were compared to the SE 

photometric data in order to verify its accuracy. 

4.2.1 The 9 band data comparison 

The SDSS and SE apparent magnitudes for the sub-sample are compared 

in Fig. 4.6. The red crosses represent the SDSS data with magnitude errors 

t mg < 1m, the green circles indicate SDSS data for which t mg > 1m. The blue 

line is the line of equality. A large fraction of the data (82%) falls within 

O.5m of the line of equality, but there are data that deviate significantly from 

the line. The plot shows that difference in magnitude increases for fainter 

apparent magnitudes and that mg,SDSS is underestimated. However, not all 

faint apparent magnitudes are affected. 

2http://das.sdss.org/DR5-cgi-bin/DAS 
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" .~ 

" .. -• E " ~ 
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• " ~ -~ 
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~ 

" 
" " " " " " " " " SE g band maQnitudes 

rod ero,,"< rep,,,,,,nt t he ~ab for whi.ch the m<'l{l;nit.ndo errol" em, < I ~, the gN"'n dl'd,,,, 

indicat<o d.~ta wit.h r~. ". I ~ The bill< ]i"c ;, tho line of "l",,;ity 

It is dpar that [aintne;;s or SOurces is not ti'tE' only [actor that jPJds to 

underes(imat~d magnitudes. Further lllspedioll of the datu revealed lhat 

many of the- outliers han~ very ~lll1dj P"lrosian radii as given by the SUSS. 

ThereforI', the diffe-rt'nce in SE and SUSS magnitude;;, .llll., as a function 

o[ the SUSS PetrWifll.l mdius. 111' in ,u(:secxmds. is plotted in FigA.7. This 

plot rnakt-s it defll" that the SDSS vlwtomMry fur (}bJ('d,~ with 111' < 8" is 

mostly wrong and heavily umle-n-slimated. 

Figure4.~ shows examvie;; of t",:) galaxies with H,. < 8" Jnd large "::'m. 

l:ach image is a 2" b:; ':!' (-o/OUf SUSS image. The- grf'ell sup€rimpo';<?d eird" 

indir--"t~ th~ SDSS q hand Pm.rosian alWrtur€ for pach galaxy. TI,€ imal',<' on 

t.hp Ipft i,; that of SDSSll2:J:WiJ+[,350:JI.7. For this ,;omrp Rr = 2.97" !'.nrl 

il.m. = -II.OW". Thp rigln. pallpl i8!'.1.1 image ofSDSSIJiJ542-1.02+:J43:J21 7. 

Thi8 gal=)' h~8 Rp = V)7" !'.nrl--"mo = _9.I()m It is d€ar that both t.h€,;€ 
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• ,-

PecrO;;ian ap~rtur€s grossly unclereslimM" th" size of t.ll(' )\a.l'L"{ies ill"l CUll 

tll('Mare uot yield .:.ccuraL.e Ilux m"asurem~nts_ 

4.2.2 The i band data comparison 

The I'hormnd,ry re-<lJ",lysi6 was alw wrriee! out in tlw i band to wrif," 

whctll('r th" problem with the pholomelry <,xistwinot only in tlw ,9 hal1c1. 

hnt ill other tilter;;; u.;; wdl. H th,. magIlilnde lInd~restimation is ~aw;cd hy 

"mall Rp < 8,", tlien thi;; jrem! 6houltl iJe Pre;.<'IlC in tllP j band 'lI< "'ell a~ 

in th" 9 banJ. Th" ,. ham! u,Iluly6is was rffilrkt",d to tlw faint galaxi'>h with 

_10m ?: JI, ?: _14m. S1:: willi used to delt"rmiu€ the apparent magnitn(\<,,; 

for th,,,,,, OOUlH>S, As with th",q bu,ud elata. a comparison was done betWf'f'n 

the SDSS &ta aud the SE data. 

Fig-ll[,,4.9 shew" thi~ comparisou for ,he faint galaxies, The grt"t'n cirdes 

M(, til(' SDSS ciata paints ,,-it,ll IIillguituue error" 'm; > 1m tllP rf't! ~rosS€'S arp 
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nFigur~ ·L~: S[)SSIl2,1:;!l.~-r,.1W.11 7 (left, p"nelj aI~1 SLlSSOi':l424 0'2+,14JJ21 i (right 

[",n~1) wil)' Peu"';"tl ~""rttir." ,"""ri"Jp'Jbfd igr""n ,·;r<1.,,), 

• " 0 

• ::.ft + 
• " ~ 

_E ± t1' + 
0 20 -+ --,-,¥:f- + 0 • + + ~+-t~+ _0+:+ E 

~ '" '* • ~ 
'" ~ 

~ 
0 
~ 

.. 
" ,<f' 

" .. '" " ~ " " 
" band magn,tudes 

Fil'\ur~ .t,!.): The i han~ COO1p""1f<m for g~IaXl"" ,,-ith -ID~ 2: .U, 2: -14~_ Th€ rro 

cw"",, re~re"'nl d~l~ ""in" wilh <"" < 1"', the ~reen cirde, indit'ak J"la with '"'' > 
I" ",xl \lw hlu~ lin~~' the line 01 "'1,,"lhy 

elfl.tfl. ,,~th 'm' < 1m fl.nel th" hl\l~ line i8 the line of f'(!lJfl.litv. Th" magnit.\lelffi 

hfl.ve Ifl.rg~ r1 iff~renMS; the r"Snlt is similar to what is 5""n in Fig. ~_(i for rh" 
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,q hmj{I11"'i\llituJ~s, 

o 
• 
, 

, ~ . 

Fii\me 4,10 shows !'ill!., ,~, a fUIlcttOll of Rp ill ,m'oo<:omis. This plot slj()w~ 

that I he SDSS phot.ometry for t.he , lmml iliff~rs very IImeh from the result5 

i\i,'''u by SE wheu Rp < 8". Thi:l eoufirIn" th~ t[~1K1 Sl"'l"u for the 9 bam!' Le. 

tlle large Jeviation" in magnitudes occur for mOSt galaxies which h8ve Ep < 

8", Uowew]', there are also large differences b€,WAefl SE and SUSS i band 

mai\nitude>< for &)]Ue "OUrces witll lip > 15" which is not '!<"en in the 9 bfl.mL 

4.3 The clean nata 

Th~ 8nfl.h1<i~ in bo/,h the 9 8m! ; hanns ~tnmglv indic8r,e" thar the SDSS 

pho\,oJnetn' n8M, i" nnd~r~,timfl.ting the magnitude," for mo"tiy faiut "OUH'el 

wit.h SDSS P~,r<l>ii8,l1 [","Iii < S" To "nb~tfl.11\iMe thi~ cl8im. the m''8"itllr1'' 

comparisons. 'i' "",II fl., MHI;/f. V" . ,,1, w~re r"'Jllot.t,~r1 for SOllr('es wit.h 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Uf • > 8" only. Fig, 4.11 &hows 1.11<" lllagtlj"lde cornparioonR for th"", I':al""~,,, 

Fil':ure4.6 ;, r~pr(}ducwl in th~ l~ft p"l",1 for compari,on. Th" right l',mcl 

is th(' SDSS ", SF g ImTlrl HI'P"r<'nt magnil-llf\e, withont i!Onre", th"t have 

RI:" -< >j" Th" hill(' lin,' i, 1.1", Ii",' of equality. Th~ bb.ck dotted linc>; on 

pith"r sid" ckn()te the 2(1 int~n-,J. By ex('"in~ the small p,jb,XlC>;, the SDSS 

amI SE d"ta m'e III mud, bct.t.C!: hgreemem. (jniy 14% of die d~ta p<)ims are 

not wit.hin i(1 of thc line of eqnality, wlwrc (1 = 0.3om 

" 
• " • , 
" " 0 
0 

• , " , 
0 

• 
" '" 
0 

" " " 0 

" " 

" • " " " SE g band ma~'lItudes 

• • 
~ 
0 
0 

• , , 
• 
" 0 

" " 0 

" 

" 
, 

, 

" 
" 
" 
" 
" 
" 

,. I! I ! 20 21 24 " 

SE 0 band m.~rutudH 

Figure 4. I I: The.g b,ond "I'P""",I n"'~lLnude OO'''''l''i80U'J. TI)(' left p<~nel i1\(ll>d", all 
,I", g~bxi<,< in th~ .• uh_Slimplo i,'l.' ill Fig . 1.6) Th~ righll~.nc-l i. 'h~ magnilurlo coolp .. """n 

in ,,·hir!l g;.laxlC'; ,,;t!l Hp <~" h;"'e teen exci,eel. The t-:.Iue line in lx.<oh plo., i, the li<Je 

d '-"'Iualilv; Ihe black d",-IeJ lim., Je<Jole ,·he ~'" iILl·erva!. 

Figure ·1.12 sh""" thc , bawl ma)\nitwle comptw:isun,. The ler, panel is 

the "ame ,t~ Fig. 4.9, shown here for compari.<on; the dgh, panel i, ,he pio, of 

m,.svss If, m"Slo' for objed-8 larger thau 8", Again, R"dsing die >ources with 

Rj-' < I)" gives 3. better Ii, to the line of equality. The blue litle is the line of 

equality; thc blaC'k clotted lines on eichel' side indie:ue the 20- imerlfal. When 

the small sourc'0. arc removed. onh 11% of the remaining data lie out.side 
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ehc 20 intcrval , whcre 0 057"' . 
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. . 
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?;" • " 
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" .•. , , .. 
g, ,0 tt) t " 
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" ~it .. ~~ , 
" " 0 

" , 
" '" " 

, .. . 
" :: l//·-c 
" 

. , ., 
" " " " " " SE i b~nd m~~nll~des 

" • 

'" , , 

'" " , 
" 

, 
0 

" " , 
I " 

I " 0 " " 
" 

~ j 
;/ ..• // 

II I~ '5 'S 2:} 11 l' 
Sf i band m~gnol~de~ 

h)';uce ,I. 12: Same a, Fi~, 4.1l. but fur the i t,,,.nJ. Th. plot of 1ll,_SDSS '" 1lli_SE (ur iJj 

bHl\ 11,,"""'0' ilt>fl panel) M><i >.{)ur(~; "'-,,h Rp > ~" (righ\ pal,.,l). rh~ hili(' I;,,,, if> Ln\h 

~lut; i, the lin" uf equ~lity. The dutt~d blaGk lin~' ,",n"'~ tho< ~O' in"'rval. 

Fi~m~4,l:l shows th~ nnmlwr of galmcies OVflr th~ elltir~ .If, rang~ for; all 

o\.>,;ccwd ~alm-:ips wiehin thH 1>flllple (yellow har~), detectc,] ~,llll.."ilb (red 

ba.r.<) and ~alll.."ic~ with ,q bm"] R" < 8" (dark blue baTh). Sine<: only abollt 

a third of the )';:J.laxic~ 1Il thc lumillO;sity rilll~e -24'" :S ilf, < _14m w('[(' 

usc,] ill this rc-analy";:,. the Ilumber of galaric'S with R" < 8" for thi, rallgc 

lmd l-O be c~t.imalL'd. This ffitimatioll """'" doue b,- mll11i]Jlyiu~ thc llumlx'C 

of WurlTh with 14, < 8" pcr bill b)' thc rc'Cipro(;al of the li-aClioll of SOIlW:'~ 

that wCrC m-UIJaI)'><:d ill th"t biu. So if a quartcr of the Wurl-.e, ill a bill 

,,-.ere rC-Ulully><:'(L thell t.he c~timatoo number of ;oureL'S with 1/p < 8" i~ 4 

tlllies t.hc llumbpI of "()urO'~ "'ith R" < 8" found 1Il that, hill. This c'Seimat(d 

number of galarie, i, reprc><:'nlL'd by elw li~he bluc bm'" in thc hi.;,l-O~nJ.Jn . 

.\ote th"t the cOllfu,ioll WmCC, aI'e Ilot iucluded ill thi, histogram. Fore), 

ptn't'llt of the Wuccili with y balld RI-' < 8" arc ~ulaxie, ill the ma~l1itude 

;5 
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range -10m ::; Mz ::; -14m. The number of sources per subsample plotted 

in Fig.4.13 is also summarised in Table4.2. The first column gives the name 

of the sub-sample in the histogram and the second column lists the number 

of galaxies. 

Table 4.2: Summary of data displayed Fig. 4.13 

Number of 

Observed galaxies in sample 1385 

Detected galaxies 600 

Estimated number of galaxies with Rp < 8/1 203 

Galaxies with Rp < 8" 98 

The sources with 14 < 8" and M z ~ -14m tend to have irregular shapes 

or tenuous borders (as seen in Fig. 4.8). It is difficult to fit accurate Petrosian 

apertures to these types of galaxies. The fitting of incorrect apertures will 

therefore lead to erroneous magnitude estimates. In order to retain as many 

faint galaxies in the sample as possible, the SDSS photometric data should 

be replaced with SE photometric data for all sources that have a Petrosian 

radius Rp < 8", 

As seen in Fig. 4.13, not only faint galaxies have small Petrosian radii. 

There are many galaxies with Mz ::; -14m that also have 14 < 8/1, In the 

sample the average distance, D, for galaxies with Mz ::; -1 rm is D = 59 Mpc. 

The sources that have small Rp and magnitudes Mz ::; -1 rm are at D > 
72 Mpc. This increased distance means that even though these galaxies are 

intrinsically bright, they will have small angular sizes on the sky, Thus their 

Petrosian apertures are small and this could lead to an underestimation of 

their apparent magnitudes. The galaxies that have -17m < Mz < -14m 

have small Petrosian radii because they are both optically faint and further 
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, , - ' l'EJ I 

Figure 4. 13: Iii.wg,.mn of .111 01:"", \'£<1 Kal'xiffi wilhin II", ,,~tlJple {rei low 1:"1'). dotoo::\(,,1 

g" ]",.;i", (,,,d I:m .. i. """imfl.(,;j numl.,., of g,bxi"" with RI' < ~" (light hlll~;' and gCl.b,,"', 

",ilh R,. <~" (d"k hlc>e h",,) 

4 .3.1 The corrected HI mass-ta-light ratios 

It lJ,,,, b""Il f'StabliHh",1 t.hill, galaxi", ",it,h Rp < 1'," kWH llIld~[f'StilIwtL~1 

::lDSS phot.oll1ctr:y data. By usiug SE dilta fDr S()ur~(" wIth lip < 8/1, ,iw 

Spuri01l3 HI lIWB3-U}-light rat.io r(':>nlts ai10uld Ix· dilIllIwcL"I. To COnfiIll! 

t.his, the ",1H1 iL m Ines arc rc-dd."Illlincd llr;illf: the SE data for th~ f:ahxics 

with Hp < W', 

Thc' q blind jJHI/L dm<l ilrH ShOWIl ill Fig. 4.14. T he t.op p;wd alwws 

.HHI/Lu VS .• \1, for all S()llr~R:S ill t,hH 81lb-s;illjpl~: c<llv SDSS p l10wlllCtry is 

aSKi ill (,his plot. Til" hliU'k ~I()H""" n' pn,>wnl galaxif'S with Rp > S" and the 
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red asterisks represent galaxies with Rp < 8". The bottom panel shows the 

revised MHd Lg plot with SE photometry data used for small sources (Rp < 
8"); these data are indicated by red asterisks. Black crosses represent sources 

with Rp > 8"; SDSS photometry data has been used for these sources (since 

the SDSS and SE data are in good agreement for these sources). The range 

of MHI/ Lg for the revised data is 0.01 M0/L0 ;S MHd Lg ;S 10M0 /L0 . This 

confirms that the very high values of mass-to-light ratios seen in Fig.4.1 are 

due to underestimated SDSS magnitudes. 

This finding is also substantiated by the i band data. The MHI / Li values 

are shown in Fig.4.15. The top panel shows MHd Li for all the galaxies in 

the luminosity range _10m
:::; Mz :::; -14m using only SDSS data. The red 

asterisks indicate data for sources with Rp < 8"; the black crosses indicate 

data for galaxies with Rp > 8". As with the 9 band data displayed in the top 

panel of Fig. 4.14, many of the MHd Li values are exceedingly high; 14 sources 

(38%) have MHdLi > 30M0/L0 . The bottom panel is MHdLi with the SE 

data used for the small sources (Rp < 8") (red asterisks) and the SDSS data 

used for the larger sources (Rp > 8") (black crosses). When the SE data 

are used for the objects with Rp < 8", the ratios are much more realistic, 

0.13M0/L0 < MHI/Li < 18.9M0/L0 . This range corresponds to the values 

found by previous studies (e.g. Warren et al., 2006; Roberts & Haynes, 1994). 

The corrected inclination data 

The data in Fig. 4.5 appear to be biased against brighter galaxies with low 

inclinations, i. Data from this plot that also fell into the re-analysed sub­

sample were replotted in order to investigate this apparent bias. Figure4.16 

shows the plot of MHdLg vs. Mg that distinguishes between high (i > 50°), 

low (i < 50°), and no inclination. The left panel shows MHd Lg vs. Mg 

using just SDSS photometry data. The galaxies with low or no inclination 

have the highest values of MHd Lg and all have Rp < 8/1. Only 45% of the 
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"he", SE phot.omctr? ctat~ ho., """n u..cct ior >{''''''''' ",ith Rp < 8" wh;ch are ,l>.Jo.;n "" 

red liliteri>ks. Ih~ blad, cr'-"'6Cb in the i.>o\tom panel "'" the SlJSS th\a for ""1ft""' wilh 

Rp > 8", 

highly inc-linKI sYllt~ms haw 14 < 8", 

The ri~h, panpi of Fig.4.16 shows .HJl1 ,iL, 1IS. AI, using SE data_ Th~ 

data for sysl~ms wilh , > 50° do !lol chall~c si;,;nillcantly_ Th~ data for dw 

low and no inclination ;;lllaxies f\I.'P significantly changed. Thei*' data \WI'P in 

lh~ rall;';~ 21\[0,iL0 < .\1111 ,i L. < :;10 "[,,:,iLa wh~n \l8in~ lh~ SDSS photom­

eery data. With tlw SE nata, th~ ran;',,,, dlangPrl co O,2I\L~,iL-;/ ,\-fBI! r .• < 
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SDSS dotl< uuly. 'l11e rod ",(erj,b reVresen\ da\a for 'ystem. with R" < S" ~tlrl th~ b]""k 

('!Dt<oe; rep,.".nt dol" [or ~&ll\xi"" "jlh Rp > ~"_ The hottDlll panel ,how • . \fHI/J~i when 

310 dM" i> n....d fur the ~al,,-u"" will! Rp < ~" (red "sten,h) mxl SDSS (IMa i< u.'lffi for 

lar~er ","ro"" (hlack C)'Ooses). 

3.:i.\I.,jL,_;. There are also no ~alaxips with M,;::' -1:J. There i._ no lon!,;l-" a 

bia.., against brighter low inclination ~ystpm~ when th~ SF: photom<'!,rY ,bta 

IS u""u ror small soun:es, 

The hi~hjy indinf'<i $yst~m3 l,aw a larger "",,cr"8e Rr> ami Illajor axis 

rliamf'ter t.han thp low inrlination 8y><lClll". 'TI,e SIll"ncr ),;ala:tles are more 

rliffi~lllt to r"",()h~, and are more likely to app,m: rounu: tlllL_" giyin~ the ajr 

p~aranc~ of bping less in~liIl(xl. As di_SL118_SlXl ill \2.1.2, Strauss et cd. (2002) 

8b.t~ that in.lination do,,,, not "ffeet the fitting of Petrooi,,,, apertures_ 11ow­

~wr, the finding8 ofthi8 "~)rk imply nat "malL faint galaxi", tlut appear to 

so 



Univ
ers

ity
 of

 C
ap

e T
ow

n
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Figurf ".Hi; Ml!IiL,"" & [ur>clion or Ai, " .. h.,,.., hi~h M.J lOY., illclill(>!iOl' ""temf kw. 
,,,,,n dL;tingu" horl, The loft p.~t)el i, Fi,~, ,U; i.o. only SDSS pllotomctry- "_~,"1 h,," boon 

uoeci in thi' plt><. 'l'he riJ.:ht p«n" ,)101'.~ MHf;' L. l .. ing' 001,.- SL ~hol.ollletr}" data. In h()th 

l,,"ll.l, Ih. hlu. ero,_ illdic&l., gol&.xies ",iI'" ; > NY, \1,., ,'ed eirel"" '"[-"'''''''''1' ,~aJ~xio, 

wit.h i < i\IY "nrl the hi",," fL<' c.-L,k, i tlrlic<~to th.v- Iho inclin,1tio<l d,,,,, for "Ix-:><o ~ol,,-,,'" 
could nO< b. determined, 

4.3.2 Cnderestimated photometry data: IllIplkatiom; 

for other studies 

T he SUSS photomftry ,btu irnpli<'l< l,he fxi" ,fllte of g,lla."ies wilh - 1-3 :::: 

.11, ,::; -.3 a,ml - 13 ::; '\1, :s' -7. Up<lll r£'-->I,nalysis of t.he photolll€cric data. 

llO sourt"", faimer chun M, (or kO::; -13 are found, TIM uucletl'Scimw,ion 

of app"","nt ma)\uicude tm! lww ""riou> repert,""",ions for sCLldia chat use 

SUSS phocomelry. 
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For instance, the Tully-Fisher relation measures the luminosity of galax­

ies as a function of their maximum rotational velocity, predicted as L ex va 
or equivalently, M ex V i3 , where M is the absolute magnitude. This relation 

is also used as a galactic distance indicator. If the photometry data used in 

this relation are underestimated, then the parameter a will be lower than for 

higher magnitude values. This incorrect result will in turn lead to underes­

timation of galactic distances. 

A preliminary 9 band Tully-Fisher (TF) relation was investigated for the 

sub-sample of galaxies (Fig. 4.17), plotting Mg vs. log(W5o). In both plots 

the large sources (lip > 8") are represented by black crosses, the small sources 

(lip < 8/1) are represented by red asterisks and the black line is the best fit 

line. The parameter /3 was estimated by fitting log(M) = k + /3log(W50 ) to 

the data. 

The left panel shows the relation using just SDSS photometry data. This 

plot shows a large amount of scatter caused by outlying data for the small 

galaxies. For this data /3 = -6.9 ± 1.0. The right panel shows the relation 

using SDSS data for large sources and SE data for small sources. The scatter 

is reduced and /3 = -5.1 ± 0.8. A study of the TF relation using SDSS galax­

ies was carried out by Pizagno et al. (2007). The sample consisted of 234 

galaxies with a 9 band absolute magnitude range of _17m > Mg > -23m and 

inclination, i > 50°. Therefore this sample does not include galaxies that 

potentially have incorrect magnitudes; i.e. no low inclination faint galax­

ies. The slope for the 9 band TF relation for their study was found to be 

/3 = -5.5 ± 0.2. The value of /3 obtained when using SE photometry for 

small sources is in better agreement with this result than when SDSS data is 

used for small sources. This result again demonstrates clearly that SE data 

should be used for small sources. 

The galaxy Luminosity Function (LF) will also be influenced by incorrect 
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Fignrl' 4.17, T~ Tlllly_l'i,~r reiMion klr rhi, ",~mple of g"l~xi"" ",ing only SDSS 

ph<>:.omctlY data (),oft p"nel) and ll.ing SE n..t.a ror ,mell SOUT""" (right !"nelJ. In oolh 

~kl~" Ih€ bl&ci; ~~·oo""" l€p,,,,,ent gi<l=i"" with R; > 8", the roo ",teri,h repe"""nl ~"kuieb 

.. 1\h n. < ~" "nd Ihe 1>1o<-k lin~ i8 the ba,\ fit line 

IIH.Lgnir.udc'(;, By including t.lw spllIi(~l" faim. galaxy data in thc' analy:<is. t,he 

LF will PWdid more bim "y;;WIIIS limn actually exi.;,t in the Uniwrse. T11is 

r('Sull will in ,urn influence modds of galan formMion and evoimion as lht"Se 

mexl,,]s m\l~\ ,hen acroum [or an incrfased numi)<"r o[ faint galaxit"S. 

Thp pifP<'t. of ,hih oV<"8;!.limat,ion can be seen in the ,\{. di~lrib\lli()n for thp 

sul:>-~ampl" (fig.4.181 The yellow shading incli~Mff. lhal only SDSS pho­

Inmf\rv dlJ.la h", bren used lo determine ,he nwgniluti('S, Tlw blue slwding 

indklJ.le:!- ,hM SE dala has been u9t'(i [or the ~mall wur~"", The SDSS dlJ.la 

ovprpstimlJ.l"", lhp numbpr of galaxi"'" [&inlpr than Af, = -14"', Whpn SE 

phOI,omp\ry i~ uSP<J. thp numbpr objpcls [ainlPr llwn ;\1, = 1::\'" drops [rom 

l!:llo ~pro and ,hp numbpr o[ gaiaxieo Wilh -14"':'0 M, < -1::\," dllCu'ases 

from III Ii) I:{ Thp numi)l'r of gaJ.ax.i& in ,hp rangp -ISS" :S Jf~ < _14'" 

increases from &J l.(l lOCI whpn SE dlJ.t.a is \l~ for small source;;._ Thus. \l~ing 

:.IDSS I'hot.omAl,ry for "",mel'S wilh Rp <. S" ,,-ill lpwj to an OVprl'Sl.imaw of 

R3 
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Figure ,,1.18: The di.>triLution d ,11, wi",,, oruy SDSS [""we"",""ry is U,""," ij"'hv hm"J 

and ",hell SE ci:<la i. u,.,.J [or Oill>!1 ..:rUrrt/3 (blue "~"l. 

thp numbf'r of fflint. galo.Xif'5 JS well 38 fill lllld~r<>itimak "I the ll\ullh!'r of 

blightf'r .'i()urrf'>;. 

It is thprpfmp f'}.in'IlH'h- Importa.nt to ,-crif" the ,.,!.lidi,y of photoul('tric' 

data heforf' fltWmpting o.ny flnaly"is. 
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Chapter 5 

Conclusions and future work 

5.1 Conclusions 

This dissertation forms part of the pilot survey for the NIBLES H I survey. 

The dataset used in this work consists of H I spectra and derived H I pa­

rameters for the first 1385 (out of a total of 4000 NIBLES sources) galaxies 

observed. The dataset also includes photometric and spectroscopic data from 

the SDSS sixth data release for each galaxy. 

The aim of this pilot project is to investigate the quality of the H I and 

optical data for this sample. An understanding of the data and possible bi­

ases and selection effects are being used to optimise the NIBLES survey so 

that the aforementioned goals can be achieved. 

The H I data obtained for the sample are presented in § 3. The full cata­

logue of H I parameters is presented in Appendix A. The catalogue consists of 

H I parameters for 600 detections. The parameters listed are the recessional 

velocity, the rms,the 50% and 20% peak flux velocity widths, the peak and 

integrated flux and the H I mass. 

The H I parameters were compared to data from NHICAT (Wong et al., 
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2006). The data for the recessional velocity and velocity widths were found 

to be in good agreement. However, the flux measurements for a significant 

fraction of the compared galaxies were found to be underestimated. Each 

galaxy in NIBLES was observed using only one telescope pointing. The 

galaxies with H I radii, RHI sin (P A) > 2' are therefore likely to be extended 

compared to the E-W diameter of the NRT beam. Eight of the 25 compared 

galaxies were found to be extended. 

Upon examination of the HI mass-to-light ratios of the galaxies, values 

of MHI / Lg > 100 M0L0 were seen for galaxies fainter than Mg '" -14m 

(see Fig.4.1). Since no previous surveys have ever uncovered systems with 

MHI/ Lg > 22 M0L0' the data were carefully investigated to determine whether 

these results were reaL The SDSS photometry was re-analysed for 403 galax­

ies. It was found that the SDSS magnitudes were underestimated for galaxies 

with Petros ian radii, Rp < 8" and inclination, i < 50° by up to 11 ill in the 9 

band and 8m in the i band. This underestimation was found to affect 13% of 

the re-analysed galaxies. The new (non-automated) photometry eliminates 

all the extreme values of MHI/ L for the faint sources and yields MHd L data 

that are consistent with previous results (Roberts & Haynes, 1994; Spitzak 

& Schneider, 1998; van Zee, 2001; Warren et al., 2006). The re-analysis also 

indicates that there are no galaxies fainter than Mg (or Mi ) = 13m in the 

sample. 

Over 200 optical "confusion" sources were identified and removed from 

the dataset. Optical confusion sources are objects that are listed in the SDSS 

database as galaxies but that are actually substructures within galaxies. 

This discovery of underestimated photometry data for small, faint systems 

will have significant effects on the statistical analysis of large sub-samples of 

the SDSS galaxies; data from the SDSS database cannot just be used with­

out first checking its reliability. For instance, the incorrect data will yield 

86 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a luminosity function that over-predicts the number of faint galaxies and 

under-predicts the number of brighter sources. The Tully-Fisher relation 

will also be incorrectly derived if these underestimated data are incorporated 

into the analysis, resulting in incorrect distance estimates. Other studies 

such as star formation rates and dark matter distribution will be affected 

as the underestimated magnitudes imply that the galaxies have much less 

stellar mass than they actually do. 

5.2 Recommendations 

The data verification presented in § 3 and § 4 have identified ways in which 

the data can be optimised or corrected so that the science goals of NIBLES 

can be achieved. The recommendations are as follows: 

• The SDSS Petrosian magnitudes for galaxies with Rp < 8" and i < 50° 

are underestimated. Simply avoiding the galaxies with Rp < 8" will 

exclude 42 % of the galaxies in the magnitude range -18.5m ;S Mg ;S 
-13m and create a bias against blue dwarf and irregular galaxies with 

a median velocity of f"V 2000kms-1. Five percent of galaxies with 

Mg < -18.5 III will be excluded. Instead, the photometry for each of 

these galaxies should be re-determined in order to ensure that reliable 

data are used in the analysis. Ideally, the optical data for the entire 

NIBLES sample should be re-evaluated to ensure the reliability of the 

data. 

• Re-estimating the magnitudes of the galaxies after the sample has been 

selected does Significantly change the magnitude distribution as seen 

in Fig.4.18. All objects fainter than SDSS Mg > 13m are moved to 

bins in the range -18m ;S Mg ;S -14m. The number of galaxies brighter 

than Mg < 16.5m are rather higher than in fainter bins, resulting in an 

uneven magnitude distribution. The overall magnitude range is also 
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smaller than first thought. In order to select as uniform a magnitude 

distribution as possible, the magnitude re-estimation should take place 

before the magnitude selection. Galaxies within the NIBLES veloc­

ity range and with optical good spectra should be chosen from the 

SDSS database. The magnitudes of these galaxies should then be re­

determined and the absolute magnitude selection should be carried out 

using the new magnitude information for each galaxy. Then the mag­

nitude bins can populated correctly since the new optical data will be 

known to be reliable. 

• Optical confusion sources in the sample must be identified and excised. 

These objects lead to bright galaxies being classified as faint systems. 

These incorrect data influence HI mass-to-light ratios, the Tully-Fisher 

relation and leads to an artificially increased number of faint galaxies 

in the sample. These optical confusion sources mainly affect the fainter 

galaxies, i.e they are bright objects that have been classified as faint 

objects. To find such confused sources, it is useful to look at the SDSS 

colour image of each galaxy. It is often quite obvious whether the source 

is a real galaxy or just an optically bright region within a galaxy. These 

false sources can also be identified by looking at galaxy magnitude as a 

function of recessional velocity. If a faint source is seen to have a high 

recessional velocity, then it is potentially a confused source. 

• The NIBLES team would like to avoid extra detections due to multiple 

galaxies in the NRT beam. The easiest way to do this would be to only 

select galaxies without any neighbours within a rv 2/1 and 6 rv 11". 

However, this will cause the sample to have a bias against groups and 

clusters of galaxies, where the member galaxies are quite close together. 
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5.3 Future work 

There are several avenues of research that can be pursued almost immedi­

ately with the data presented in this dissertation. A full TUlly-Fisher analysis 

in all five passbands can be performed. The TUlly-Fisher relation is used as 

a distance indicator for galaxies. The distances calculated for galaxies in 

the different passbands can then be compared to verify that the results are 

self consistent. Given the large dataset, the relation can be determined as a 

function of morphological type as well as environment. The galaxy distances 

obtained from the TUlly-Fisher relation are a good first estimate of the galaxy 

redshift and can be used to get a rough approximation of the distribution of 

galaxies in the Local Universe. These distribution data are needed to com­

pare to cosmological models of galaxy evolution and large scale formation. 

The HIMF can be determined for this sample which contains 65 galaxies 

with MHI ~ 108 M0 ; the full NIBLES sample could contain as many as 180 

such galaxies. The HIMF constructed by Zwaan et al. (2003) contains only 

40 galaxies in this mass range. The NIBLES data are therefore well suited 

to the task of determining an accurate value for the much disputed faint 

end slope of the HIMF. The H I budget for the Local Universe can then be 

calculated using the parameters obtained from the HIMF. 

Using the HI linewidths, the dynamical mass of the galaxies within the 

sample can be calculated. A comparison of this dynamical mass to the stellar 

mass (obtained using the optical data) and the HI mass will allow the study 

of the dark matter content of the galaxies. 
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Appendix 

Full H I data catalogue 

Six hundred ofthe observed galaxies were detected with SIN ~ 30', where a 

is the rms for that particular observation. 

The full catalogue for these 600 galaxies is shown in Table 3.1. The pa­

rameters listed are: recessional velocity (VHI ) in km S-l, the rms in mJy, the 

velocity widths at the 50% (W50 ) and 20% (W20 ) peak flux level in km S-l , 

the peak flux (Speak) in mJy, the integrated flux (Sint ) in Jy km S-l and the 

H I mass (MHI ) in solar masses. Note that an entry of zero in the W20 or 

W50 columns indicates that the parameter was not recorded. 

Table A.I: The full HI catalogue 

Coordinates (J2 000) VHl rms Sint W50 W20 Speak log MHl 

hhmmss degrees [km g-l] [mJy] [Jykms-1] [km 8-1 ] [km 8-1 ] [mJyj [M01 
00 01 03.6 +14 34 48.6 1679 2.32 32 48 6.96 0.14 7.3 

00 02 14.8 +14 29 16.0 5053 2.71 175 201 12.74 1.77 9.4 

0003 15.0 +160844.7 1064 2.18 463 489 26.38 9.98 8.7 

000344.3 +16 11 12.7 6265 2.67 232 290 11.21 1.97 9.6 

0006 19.6 +14 1938.7 5330 2.66 14 77 9.31 0.15 8.3 

00 06 29.3 +14 10 56.4 5654 2.53 136 247 10.37 1.11 9.3 

00 07 01.6 +14 06 23.6 5320 2.72 205 284 9.79 0.98 9.1 

000834.3 -10 56 57.5 8842 2.85 110 135 41.04 4.29 10.2 

00 08 48.8 +14 02 01.3 1902 2.56 98 117 24.32 2.05 8.6 
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TableA.l continued ... 

Coordinates (J2 000) 

hhmmss degrees 

00 12 14.7 +15 15 26.7 

00 13 38.6 +15 40 28.0 

00 13 44.0 +00 22 18.2 

00 20 09.3 +14 17 28.7 

00 21 51.2 -{)9 29 32.1 

002749.7 -{)1 11 59.9 

003007.3 -11 0649.1 

00 30 09.0 -{)9 57 11.8 

00 30 29.8 -{)8 46 59.8 

003322.1 -{)1 07 16.7 

00 34 02.8 -{)9 42 19.2 

003457.9 -{)9 20 31.9 

003628.9 -10 06 22.1 

003710.6 -{)9 27 25.1 

00 39 22.9 -{)8 49 24.4 

004133.9 -10 01 17.1 

00 43 32.4 +14 20 33.2 

00 43 51.9 +00 48 07.0 

004423.3 +14 17 15.7 

00 45 51.9 -{)9 19 41.5 

004608.8 -10 24 31.0 

004746.4 -{)9 5006.1 

004747.5 -{)9 53 58.3 

00 51 59.6 +00 29 12.1 

00 52 52.8 +01 12 50.4 

00 53 29.9 -{)8 46 04.0 

00 56 42.7 -{)9 54 49.9 

00 57 56.6 +00 52 08.9 

01 0004.1 -11 04 57.3 

01 00 45.8 -{)9 11 08.5 

01 01 19.5 -{)9 50 42.9 

01 06 51.0 +00 34 13.7 

01 07 14.2 +13 57 18.4 

01 0907.9 +01 07 15.7 

01 10 20.8 -{)9 34 10.3 

01 1208.6 +00 24 36.7 

01 14 20.4 +00 55 01.9 

01 15 30.4 +00 51 39.5 

01 1748.4 -{)8 36 27.1 

01 19 14.3 -{)9 35 46.4 

01 20 06.8 +00 12 19.6 

01 22 23.8 +00 52 30.7 

01 26 46.6 +00 38 46.0 

1861 

1952 

3926 

4713 

6130 

3846 

3477 

5059 

5236 

1976 

3706 

6709 

5777 

5172 

5672 

3851 

4387 

5358 

4115 

6007 

3919 

5640 

1344 

1612 

1754 

5517 

5552 

2263 

5323 

4507 

4495 

5137 

11165 

1146 

6961 

5374 

1099 

1747 

4009 

1911 

1726 

7942 

1902 

rms 

[mJyj 

2.31 

3.18 

2.71 

2.15 

2.4 

2.77 

2.65 

2.85 

2.83 

2.55 

2.69 

2.76 

2.52 

2.32 

2.91 

1.6 

2.38 

2.74 

2.46 

2.77 

2.69 

3.04 

5.07 

2.79 

2.53 

2.62 

2.75 

2.95 

2.64 

2.78 

2.41 

2.37 

3.27 

2.52 

2.75 

2.41 

2.58 

2.81 

3.64 

3.27 

2.62 

3.11 

2.26 

53 

129 

120 

171 

299 

235 

325 

206 

260 

144 
449 

339 

307 

147 

228 

539 

205 

228 

77 

166 

148 

430 

132 

175 

94 

167 

199 

91 

142 

144 
242 

30 

238 

122 

232 

239 

85 

169 

130 

60 

123 

508 

70 

91 

64 

144 

176 

190 

309 

249 

342 

330 

293 

168 

467 

420 

351 

227 

277 

564 

225 

259 

104 

219 

178 

o 
166 

192 

124 

224 

225 

121 

224 

298 

260 

46 

259 

159 

304 

311 

118 

197 

150 

146 

140 

535 

116 

Speak 

[mJy] 

7.85 

22.26 

9.49 

11.83 

9.6 

29.92 

21.47 

10.55 

15.28 

103.02 

51.38 

10.49 

13.1 

12.3 

10.77 

9.12 

18.56 

19.29 

10.09 

12.74 

9.15 

10.64 

99.37 

82.58 

9.61 

9.43 

80.85 

13.28 

27.46 

36.42 

7.95 

9.48 

12.43 

12.85 

17.33 

12.77 

23.99 

118.58 

29.48 

12.75 

17.82 

19.9 

27.35 

0.43 

0.69 

0.75 

1.4 

1.49 

4.98 

4.68 

1.56 

2.67 

13.15 

15.92 

2.12 

2.65 

1.23 

1.28 

2.08 

3.29 

3.34 

0.54 

1.65 

0.54 

2.11 

13.06 

11.59 

0.7 

1.05 

15.32 

0.94 

3.87 

5.82 

1.25 

0.19 

1.87 

1.08 

3.06 

2.35 

1.76 

19.03 

3.62 

0.71 

1.69 

7.15 

2.05 

7.9 

8.1 

8.8 

9.2 

9.5 

9.6 

9.5 

9.3 

9.6 

9.4 

10.0 

9.7 

9.7 

9.2 

9.3 

9.2 

9.5 

9.7 

8.7 

9.5 

8.6 

9.5 

9.1 

9.2 

8.0 

9.2 

10.4 

8.4 

9.7 

9.8 

9.1 

8.4 

10.1 

7.8 

9.9 

9.5 

8.0 

9.5 

9.5 

8.1 

8.4 

10.4 

8.6 
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TableA.1 continued ... 

Coordinates (J2 000) 

hhmmss degrees 

01 27 13.1 +133608.3 

01 30 15.4 +14 40 39.1 

01 31 36.1 +13 1952.7 

01 33 17.7 +13 19 55.2 

01 34 08.0 -01 01 56.2 

01 35 51.1 -1000 10.6 

01 3600.2 +003948.7 

01 37 08.1 +00 33 53.5 

01 3730.8 -{)8 53 07.7 

01 3737.1 +0002 24.9 

01 41 39.7 -{)9 1303.9 

01 44 35.8 -{)8 15 05.9 

01 48 36.4 -10 19 34.3 

01 49 10.4 -10 03 40.4 

01 49 10.8 -10 25 35.3 

01 49 54.3 -{)9 13 41.7 

01 50 54.4 -10 22 10.4 

01 5934.7 +140029.5 

020858.7 -{)7 46 00.5 

020920.8 -10 07 59.1 

02 1704.8 +01 14 39.1 

023532.7 -{)7 09 15.9 

023929.1 -{)8 08 01.1 

024023.9 -{)8 26 00.7 

02 40 32.8 -{)8 08 51.6 

02 44 21.1 +00 40 31.4 

02 46 25.2 +00 29 55.1 

02 53 46.7 -{)7 23 44.0 

02 57 04.4 -{)7 41 08.3 

02 59 14.5 +003359.7 

03 00 40.2 +00 01 13.3 

03 01 03.3 +00 44 36.5 

03 03 41.2 -{)1 04 24.8 

03 06 46.8 +00 28 10.3 

03 06 52.4 +00 47 40.1 

03 08 48.3 -{)7 02 26.2 

03 09 35.2 -{)7 57 26.0 

03 09 39.1 -{)7 50 46.2 

03 13 24.2 -{)8 12 44.6 

03 13 45.2 +00 14 29.1 

03 13 47.8 +00 41 39.7 

03 14 06.7 -{)7 16 34.3 

03 1702.8 -{)6 12 20.4 

4435 

2427 

2723 

2731 

4574 

5773 

5007 

2890 

1794 

4827 

1813 

3849 

1555 

1976 

1751 

1905 

1804 

4536 

3973 

3753 

6301 

1522 

1209 

1362 

1338 

2752 

1511 

1359 

5115 

2741 

2809 

2627 

4184 

699 

3180 

8459 

3708 

3687 

5035 

7666 

6273 

5123 

2069 

rms 

[mJy] 

2.48 

5.17 

1.75 

2.67 

2.71 

2.19 

2.77 

2.02 

2.98 

2.02 

2.51 

1.93 

2.42 

3.27 

2.94 

3.14 

3.52 

2.45 

2.71 

2.62 

2.64 

2.79 

3.23 

3.2 

2.7 

3.11 

3.92 

2.78 

3.24 

3.94 

3.32 

2.94 

3.3 

3.11 

2.68 

2.35 

2.16 

2.93 

2.6 

3.29 

2.97 

2.6 

2.56 

108 

118 

103 

205 

383 

374 

335 

116 

120 

215 

57 

18 

100 
180 

375 

43 

88 

207 

141 

200 

163 

78 

203 

100 

47 

112 

223 

48 

300 

45 

200 

108 

54 

38 

188 

415 

230 

223 

398 

614 

282 

214 

102 

92 

138 

147 

125 

224 

427 

401 

373 

153 

133 

281 

73 

115 

160 

202 

399 

68 

229 

233 

319 

317 

250 

99 

234 

121 

82 

143 

249 

89 

340 

o 
214 

137 

o 
79 

210 

458 

278 

241 

434 

838 

297 

316 

146 

Speak 

[mJy] 

25.54 

38.26 

9.28 

22.43 

15.45 

25.51 

16.07 

10.5 

13.11 

8.28 

17.07 

7.53 

10.41 

95.16 

43.22 

11.3 

13.02 

11.27 

32.79 

16.24 

11.09 

156.52 

45.22 

211.2 

50.49 

23.95 

81.93 

11.4 

20.41 

13.4 

27.56 

50.57 

12.21 

14.31 

49.85 

14.34 

23.76 

29.59 

11.18 

16.45 

12.47 

20.8 

17.15 

2.68 

3.66 

0.81 

3.79 

3.58 

8.48 

3.35 

1.07 

1.21 

1.37 

0.78 

0.28 

0.94 

16.02 

12.05 

0.33 

0.91 

1.86 

4.41 

3.18 

1.48 

12.5 

8.52 

20.25 

2.65 

2.06 

20.87 

0.48 

4.42 

0.53 

3.89 

5.45 

1.53 

0.58 

7.92 

4.03 

4.58 

5.34 

3.23 

5.94 

1.56 

4.1 

1.65 

9.4 

9.0 

8.5 

9.1 

9.6 

10.2 

9.6 

8.6 

8.3 

9.2 

8.1 

8.3 

8.0 

9.5 

9.3 

7.8 

8.2 

9.3 

9.5 

9.3 

9.5 

9.2 

8.8 

9.3 

8.4 

8.9 

9.4 

7.6 

9.8 

8.3 

9.2 

9.3 

9.1 

7.1 

9.6 

10.2 

9.5 

9.6 

9.6 

10.3 

9.5 

9.7 

8.5 
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TableA.l continued ... 

Coordinates (J2 000) 

hhmmss degrees 

03 17 29.7 -08 08 42.8 

03 17 53.4 -07 17 52.1 

03 17 57.1 +00 10 08.6 

03 18 02.8 +00 32 20.3 

031829.1 -075330.7 

03 19 26.1 -06 07 16.0 

032032.8 -06 07 07.6 

03 22 17.5 -07 05 26.4 

03 25 01.7 -05 44 44.8 

03 25 11.6 -06 10 51.4 

03 33 29.5 -07 33 08.4 

03 36 21.3 -06 42 53.1 

03 37 26.4 -05 32 10.8 

03 37 58.9 -06 16 14.2 

03 38 39.2 -05 20 50.4 

03 40 43.0 -06 24 54.5 

03 42 40.1 -06 22 54.5 

03 50 40.2 -05 33 13.6 

0351 33.9 +00 28 03.7 

04 11 06.5 -05 42 13.0 

07 23 33.2 +41 26 05.5 

07 25 55.4 +40 41 58.9 

07 27 14.0 +42 12 14.3 

0728 54.9 +40 1221.7 

07 29 16.6 +42 16 46.6 

07 29 54.3 +37 27 06.3 

07 35 02.3 +32 49 19.5 

07 35 35.6 +41 57 48.8 

0736 11.4 +32 30 54.7 

07 37 37.1 +41 56 49.4 

07 38 36.5 +37 38 00.6 

07 39 01.9 +33 54 58.5 

07 40 16.3 +32 15 30.0 

074039.3 +39 13 59.9 

0740 57.9 +39 22 45.2 

07 43 36.4 +49 40 03.2 

07 44 37.6 +40 52 59.5 

074637.7 +444725.8 

07 50 56.0 +23 53 45.2 

07 51 08.0 +34 03 22.9 

07 53 45.3 +39 46 57.3 

075442.1 +263833.5 

0757 10.4 +23 46 47.3 

2023 

5156 

6739 

6148 

2050 

2230 

2327 

2686 

5572 

9928 

5072 

3064 

3955 

6499 

4050 

5157 

6222 

4034 

4519 

2368 

8064 

3651 

2982 

3496 

6767 

10346 

4580 

3052 

4070 

5792 

3843 

3854 

3882 

3297 

3174 

5581 

2990 

9161 

2100 

4676 

3847 

4600 

2309 

rms 

[mJy] 

2.34 

2.53 

4.18 

2.27 

2.29 

2.11 

2.37 

3.03 

3.33 

3.25 

2.45 

3.29 

2.42 

2.94 

2.41 

2.6 

3.22 

2.57 

2.79 

2.66 

2.35 

3.1 

3 

3.2 

3.19 

3.01 

4.03 

2.99 

2.65 

3.18 

2.72 

2.75 

2.66 

2.96 

3.02 

3.09 

3.3 

2.32 

2.34 

2.57 

2.81 

1.98 

2.52 

131 

272 

166 

291 

93 

196 

81 

157 

590 

266 

212 

127 

110 

350 

286 

271 

311 

135 

208 

148 

229 

157 

128 

140 
278 

342 

472 

116 

132 

346 

275 

122 

248 

426 

132 

380 

114 

117 

241 

185 

102 

95 

134 

93 

153 

309 

205 

321 

103 

218 

153 

177 

613 

268 

228 

152 

150 

380 

376 

285 

327 

182 

231 

182 

295 

197 

139 

153 

294 

400 

488 

163 

179 

366 

297 

143 

281 

453 

159 

403 

169 

158 

260 

205 

138 

126 

183 

Speak 

[mJy] 

51.69 

41.75 

18.89 

7.95 

9.96 

21.73 

12.56 

20.91 

27.31 

13.65 

10.29 

41.45 

9.2 

20.58 

12.05 

33.28 

10.95 

13.36 

13.39 

15.43 

30.32 

16.03 

18.3 

27.04 

14.99 

11.74 

25.39 

12.08 

21.07 

24.49 

31.17 

15.68 

15.72 

33.45 

15.4 

13.6 

20.13 

8.12 

52.42 

18.25 

10.96 

8.91 

12.85 

6.36 

8.15 

1.79 

1.59 

0.67 

4.12 

0.87 

2.91 

8.25 

2.43 

1.78 

4.76 

0.73 

3.93 

2.63 

7.01 

1.74 

1.85 

1.93 

1.88 

6.4 

2.05 

1.71 

3.37 

2.3 

3.38 

7.17 

1.02 

2.61 

4.93 

5.81 

1.67 

3.14 

10 

1.61 

2.9 

2.12 

0.71 

8.92 

2.76 

0.95 

0.64 

1.6 

9.1 

10.0 

9.6 

9.5 

8.1 

9.0 

8.4 

9.0 

10.1 

10.1 

9.4 

9.3 

8.8 

9.9 

9.3 

10.0 

9.5 

9.2 

9.3 

8.7 

10.3 

9.1 

8.9 

9.3 

9.7 

10.3 

9.9 

8.7 

9.3 

9.9 

9.6 

9.1 

9.4 

9.7 

8.9 

9.7 

9.0 

9.5 

9.3 

9.5 

8.8 

8.8 

8.6 
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TableA.1 continued ... 

Coordinates (J2 000) 

hhmmss degrees 

07 58 20.5 +25 08 57.1 

075843.7 +32 44 19.7 

0759 57.2 +35 48 51.4 

08 00 23.9 +17 31 21.3 

08 00 57.9 +54 13 55.1 

08 01 23.1 +15 22 09.3 

08 05 05.4 +25 03 45.2 

08 07 24.8 +39 11 40.0 

08 13 57.2 +52 38 54.4 

08 18 08.3 +24 30 06.3 

08 19 12.8 +20 30 38.6 

08 20 23.7 +21 07 53.2 

08 20 29.2 +03 29 34.9 

082124.6 +190852.0 

0822 10.7 +03 1604.9 

08 23 34.8 +03 13 15.6 

082544.5 +27 52 28.4 

08 26 32.9 +23 11 33.9 

082742.0 +21 2844.7 

083001.7 +17 15 35.4 

0831 21.6 +070000.1 

08 33 30.8 +41 31 31.6 

083335.6 +250847.1 

08 33 36.3 +29 30 07.2 

08 33 42.6 +27 42 43.4 

08 35 13.8 +28 45 11.9 

083732.7 +28 42 18.7 

084022.7 +23 32 22.8 

08 43 27.0 +04 25 59.4 

08 44 07.6 +30 07 08.9 

08 44 08.3 +34 43 02.0 

084537.9 +36 5604.7 

08 46 12.2 +35 41 36.9 

08 46 34.4 +36 26 20.8 

08 47 19.6 +05 53 52.5 

084741.7 +13 25 08.8 

08 48 03.5 +25 20 01.5 

08 5424.0 +343321.7 

08 56 40.7 +00 22 30.0 

08 5720.5 +02 55 16.7 

08 58 41.0 +02 11 35.4 

0900 13.1 +31 5958.3 

09 00 20.2 +52 29 39.2 

4765 

2986 

5168 

2043 

888 

4549 

4945 

3871 

5339 

2098 

4911 

5163 

2908 

7779 

4070 

2887 

2156 

5551 

4269 

2061 

1223 

7536 

2212 

2093 

2233 

2054 

3441 

3580 

4268 

2083 

4183 

3869 

3989 

3181 

3869 

2052 

1937 

2182 

2492 

3863 

2425 

1937 

8781 

rms 

[mJyj 

2.43 

3.2 

2.82 

2.46 

3.22 

2.37 

2.53 

2.66 

3.57 

2.61 

2.92 

2.69 

2.39 

2.28 

2.74 

1.84 

2.49 

2.27 

3.13 

2.9 

2.5 

3.34 

2.38 

3.26 

3.26 

2.26 

2.52 

2.59 

2.8 

4.33 

3.21 

3.21 

2.97 

2.89 

2.94 

2.43 

2.46 

3.03 

2.21 

2.54 

2.16 

2.81 

3.41 

257 

146 

220 

147 

31 

124 

284 

113 

569 

122 

392 

46 

178 

488 

252 

117 

242 

427 

323 

162 

126 

226 

61 

79 

165 

164 
379 

249 

135 

351 

232 

26 

148 

97 

99 

130 

60 

59 

151 

609 

74 

54 

508 

94 

280 

162 

241 

175 

58 

187 

298 

153 

589 

265 

417 

62 

199 

515 

293 

144 

261 

486 

340 

178 

146 

296 

79 

136 

243 

245 

403 

266 

201 

370 

254 

48 

185 

149 

113 

157 

105 

81 

175 

631 

108 

l15 

560 

Speak 

[mJy] 

25.03 

13.12 

10.89 

17.22 

21.57 

8.06 

14.67 

30.59 

28.56 

28.97 

39.71 

12.l1 

10.04 

14.82 

33.81 

32.57 

12.2 

21.11 

43.82 

11.02 

49 

11.02 

10.71 

55.75 

12.71 

9.04 

48.38 

30.56 

13.16 

38.1 

19.55 

17.33 

16.04 

9.83 

10 

155.28 

9.35 

90.29 

55.03 

16 

17.71 

9.95 

13.64 

4.85 

1.4 

2.05 

2.07 

0.72 

0.84 

1.96 

3.7 

9.84 

5.16 

9.09 

0.54 

0.99 

3.62 

7.58 

3.68 

2.27 

6.03 

8.62 

1.45 

5.08 

1.28 

0.55 

4.84 

1.9 

1.28 

12.91 

5.31 

1.34 

9.7 

3.06 

0.31 

2.02 

0.76 

0.7 

19.47 

0.49 

5.59 

7.73 

6.13 

1.22 

0.61 

4.51 

9.7 

8.8 

9.4 

8.6 

7.4 

8.9 

9.4 

9.4 

10.2 

9.1 

10.0 

8.9 

8.6 

10.1 

9.8 

9.2 

8.7 

10.0 

9.9 

8.5 

8.9 

9.6 

8.1 

9.0 

8.7 

8.4 

9.9 

9.5 

9.1 

9.3 

9.4 

8.4 

9.2 

8.6 

8.7 

9.6 

8.0 

9.1 

9.4 

9.7 

8.6 

8.1 

10.3 
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TableA.1 continued ... 

Coordinates (J2 000) 

hhmmss degrees 

09 05 12.5 +05 52 05.2 

090851.0 +032654.0 

09 09 20.2 +01 36 51.5 

09 09 33.7 +33 07 24.7 

09 10 32.1 +502559.7 

09 10 41.8 +07 12 24.1 

09 12 14.5 +44 57 17.4 

09 13 31.4 +28 57 06.3 

09 1459.7 +29 43 48.8 

09 16 23.8 +43 11 19.5 

09 17 05.3 +25 25 44.9 

09 17 39.9 +52 59 34.5 

09 19 58.0 +37 11 28.5 

092002.2 +01 02 17.8 

092059.6 +11 03 33.2 

092427.9 +46 31 44.7 

092455.1 +264628.8 

0928 59.1 +284528.6 

09 30 10.3 +07 54 09.8 

09 37 58.0 +25 29 41.2 

09 38 07.9 +09 31 26.0 

09 38 36.2 +43 10 36.4 

09 38 57.1 +00 41 33.5 

09 40 43.2 +03 57 34.9 

09 43 02.2 +05 01 44.4 

09 43 12.0 +31 55 43.3 

09 44 46.2 +00 41 18.3 

094629.1 +3039 52.7 

09 49 41.2 +32 13 15.9 

09 50 10.9 +28 00 47.7 

095027.4 +12 45 55.7 

09 50 55.4 +28 33 04.0 

09 54 49.6 +09 16 15.9 

09 55 18.1 +04 16 12.0 

095732.8 +33 37 11.0 

09 58 53.4 +4744 12.6 

0959 18.7 +47 36 58.4 

10 00 06.2 +45 31 09.6 

10 00 27.1 +032227.7 

10 00 31.6 +03 12 19.0 

10 07 11.5 +33 01 38.5 

10 09 17.4 +05 24 14.6 

10 10 27.9 +27 57 21.9 

3863 

3822 

1318 

1926 

5029 

1478 

2604 

7675 

6188 

2585 

1670 

-2301 

2244 

5219 

1325 

4192 

4024 

1215 

2001 

4000 

3296 

1719 

2063 

1320 

1951 

1334 

1220 

1449 

1517 

1435 

1421 

1480 

1490 

1810 

1459 

1161 

1100 

1718 

2038 

2063 

1333 

1699 

4694 

rms 

[mJy] 

2.59 

2.68 

2.9 

3.18 

3.32 

5.31 

3.62 

3.13 

2.37 

3.99 

3.43 

4.56 

2.58 

2.49 

2.39 

3.04 

2.49 

2.27 

2.31 

2.81 

2.58 

3.06 

3.08 

2.72 

2.66 

2.91 

2.68 

2.63 

3.15 

2.16 

3.06 

3.79 

2.25 

2.68 

2.74 

3.57 

3.48 

2.48 

2.32 

2.47 

2.43 

2.89 

2.59 

121 

134 

77 

329 

218 

116 

174 

578 

322 

133 

58 

o 
365 

300 

143 

30 

570 

91 

290 

299 

336 

166 

78 

110 

98 

197 

121 

100 

73 

70 

215 

208 

202 

259 

155 

166 

94 

131 

365 

347 

205 

88 

232 

95 

136 

147 

99 

360 

257 

178 

207 

598 

348 

216 

157 

o 
389 

314 

159 

118 

601 

120 

325 

340 

364 

186 

108 

161 

110 

268 

144 

120 

163 

107 

250 

251 

222 

281 

192 

190 

112 

150 

386 

374 

232 

118 

252 

Speak 

[mJy] 

15.28 

11.26 

12.47 

81.41 

17.93 

40.36 

139.73 

11.89 

8.53 

32.72 

12.01 

18.7 

42.31 

10.21 

28.2 

9.73 

20.42 

14.98 

9.24 

17.11 

71.98 

17.75 

36.34 

19.58 

11.17 

24.44 

54.4 

27.09 

16.07 

41.9 

92.72 

49.27 

55.13 

38.86 

23.02 

86.04 

18.79 

16.12 

45.24 

34.75 

79.22 

14.6 

11.91 

1.18 

0.77 

23.85 

2.9 

5.07 

23.02 

2.83 

2.17 

4.34 

0.82 

o 
9.1 

1.42 

2.66 

0.22 

8.56 

1.2 

1.37 

3.75 

15.85 

2.59 

2.92 

2.08 

0.84 

4.73 

6.03 

2.33 

1.47 

3.07 

15.51 

9.7 

9.27 

8.91 

2.98 

13 

1.8 

1.84 

13.37 

8.33 

15.41 

1.04 

2 

8.9 

8.9 

7.8 

9.6 

9.6 

8.7 

9.9 

9.9 

9.6 

9.2 

8.1 

0.0 

9.4 

9.3 

8.4 

8.3 

9.8 

7.9 

8.4 

9.5 

9.9 

8.6 

8.8 

8.3 

8.2 

8.6 

8.6 

8.4 

8.2 

8.5 

9.2 

9.0 

9.0 

9.2 

8.5 

8.9 

8.0 

8.4 

9.4 

9.2 

9.1 

8.2 

9.3 
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TableA.1 continued .,. 

Coordinates (J2 000) 

hhmmss degrees 

10 10 39.9 +20 04 12.6 

10 13 31.3 +03 22 30.0 

10 13 58.9 +07 01 26.4 

10 14 14.3 +03 27 59.4 

10 14 51.5 +03 38 52.5 

101621.7 +37 46 48.6 

10 17 02.3 +03 38 45.6 

10 1747.9 +21 52 24.0 

10 20 13.9 +06 48 09.4 

10 20 43.3 +65 10 19.4 

10 21 47.6 +56 55 49.5 

10 30 49.7 +23 57 54.2 

10 32 31.9 +54 24 03.7 

10 32 34.8 +65 02 27.9 

10 34 29.8 +35 15 24.3 

10 34 42.8 +11 11 50.4 

103456.1 +11 2932.5 

10 35 48.9 +08 28 59.8 

10 36 16.2 +37 19 28.8 

10 39 20.5 +00 12 00.8 

10 42 07.5 +13 44 49.1 

10 42 48.4 +13 27 35.4 

10 42 52.4 +13 44 27.8 

10 43 05.5 +133037.3 

10 45 22.4 +55 57 37.3 

10 46 34.9 +134503.0 

10 48 24.8 +34 42 41.0 

10 51 46.5 +32 54 00.1 

10 53 08.1 +33 5437.3 

10 55 39.2 +02 23 44.7 

10 56 13.9 +12 00 40.6 

10 5738.1 +13 58 44.5 

10 59 09.0 +61 31 50.4 

11 00 23.8 +1641 31.7 

11 01 23.6 +57 40 39.6 

11 0703.4 +12 03 36.1 

11 09 55.9 +10 43 15.0 

11 10 44.8 +04 50 47.2 

11 10 56.5 +61 20 49.2 

11 10 56.9 +53 23 15.9 

11 1300.2 +0751 42.7 

11 14 10.9 +48 19 06.6 

11 1626.3 +04 20 11.4 

3776 

1328 

1210 

1213 

1022 

1160 

1042 

1579 

3725 

3289 

1160 

1338 

1445 
1662 

1510 

1370 

1169 

1164 

1584 

5451 

1306 

1208 

1205 

1255 

935 

3009 

1626 

1499 

1730 

1026 

984 

1233 

2112 

947 

2967 

1551 

1588 

5734 

1645 

2832 

1394 

2123 

1105 

rms 
[mJy] 

2.7 

5.25 

2.8 

2.53 

2.41 

3 

2.34 

2.9 

2.94 

4.25 

4.75 

2.74 

4.11 

4.85 

3.05 

2.64 

2.56 

2.37 

3.11 

2.33 

2.81 

2.57 

2.34 

2.73 

4.28 

2.92 

3.5 

3.16 

2.82 

2.49 

2.34 

2.88 

4.15 

2.82 

4.92 

2.89 

3.08 

2.9 

3.71 

8.13 

2.9 

3.3 

2.59 

424 

140 

211 

422 

52 

94 

46 

211 

58 

202 

168 

43 

115 

237 

151 

323 

83 

81 

391 

125 

304 

84 

151 

67 

84 

224 

77 

341 

125 

97 

48 

89 

89 

165 

244 
243 

147 

421 

168 

412 

86 

328 

144 

96 

444 
158 

235 

482 

104 

143 

59 

246 

157 

223 

198 

61 

165 

268 

227 

363 

96 

131 

411 

165 

344 

157 

175 

112 

125 

254 

132 

378 

180 

135 

80 

113 

107 

178 

289 

263 

233 

442 
187 

433 

125 

354 

160 

Speak 

[mJy] 

22.41 

38.85 

145.32 

138.39 

78.57 

64.5 

9.36 

40.02 

27.93 

17.47 

157.22 

9.86 

34.52 

167.32 

21.05 

14.26 

10.75 

22.52 

35.14 

9.55 

170.29 

43 

7.49 

25.55 

96.3 

58.98 

132.65 

39.5 

21.71 

21.17 

25.74 

23.62 

18.26 

19.06 

41.82 

46.24 

40.96 

14.09 

28.09 

54.47 

19.72 

69.3 

12.17 

6.89 

4.99 

26.67 

47.08 

6.29 

6.08 

0.29 

7.35 

2.21 

1.95 

23.03 

0.15 

3.42 

26.76 

2.97 

2.88 

0.56 

1.83 

10.73 

0.92 

42.65 

4.17 

0.78 

1.83 

8.26 

12.25 

11.72 

12.64 

2.72 

2.02 

1.45 

2.07 

1.27 

2.56 

7.79 

7.96 

6.08 

2.97 

3.91 

16.53 

1.4 

18.81 

1.55 

log MHI 

[Mev] 
9.7 

8.6 

9.3 

9.5 

8.5 

8.6 

7.2 

9.0 

9.2 

9.0 

9.2 

7.1 

8.5 

9.6 

8.5 

8.4 

7.6 

8.1 

9.1 

9.1 

9.6 

8.5 

7.7 

8.2 

8.5 

9.7 

9.2 

9.1 

8.6 

8.0 

7.8 

8.2 

8.4 

8.1 

9.5 

9.0 

8.9 

9.7 

8.7 

9.8 

8.1 

9.6 

8.0 
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Table A.l continued ... 

Coordinates (J2 000) 

hhmmss degrees 

11 19 28.1 +09 35 44.2 

11 20 12.4 +67 14 29.6 

11 2026.2 +03 35 08.2 

11 20 31.3 +57 46 53.0 

11 20 31.8 +26 5748.1 

11 21 51.3 +03 24 17.4 

11 22 17.9 +59 04 28.2 

11 2223.2 +130440.1 

11 2239.0 +3745 54.3 

11 24 26.1 +11 2031.9 

11 24 44.5 +15 16 31.4 

11 25 26.8 +5743 16.4 

11 2530.4 +63 26 46.7 

11 25 53.5 +09 59 14.9 

11 26 08.3 +04 03 44.5 

11 26 44.3 +59 09 19.5 

11 27 10.9 +08 43 51.7 

11 27 31.8 +56 52 37.4 

11 28 24.0 +09 24 27.4 

11 29 06.5 +08 59 18.9 

11 29 59.4 +63 1324.1 

11 30 17.3 +580802.0 

11 31 32.1 -02 18 33.0 

11 32 01.9 +14 36 38.8 

11 32 02.4 +36 41 52.7 

11 32 20.3 +53 54 16.0 

11 32 44.0 +02 28 24.8 

11 33 45.3 -03 26 13.2 

11 33 50.1 +1449 28.2 

11 34 19.5 +13 19 19.1 

11 35 18.4 +04 57 17.2 

11 36 26.5 +58 11 28.9 

11 36 33.4 +36 24 37.2 

11 36 48.0 +54 17 36.8 

11 36 58.0 +55 09 43.4 

11 3737.0 +16 33 22.3 

11 37 51.0 +56 08 31.0 

11 38 02.1 +35 12 12.9 

11 38 17.3 +00 36 48.1 

11 38 51.5 +43 09 56.3 

11 3901.1 +01 20 11.6 

11 3921.3 +58 1607.3 

11 39 22.3 +56 16 14.3 

983 

1306 

2584 

1964 

1500 

1167 

1576 

1306 

1986 

1051 

1135 

1832 

3676 

1152 

1512 

1202 

1039 

1718 

1733 

6124 

1031 

1433 

4672 

1122 

2480 

2792 

1034 

1595 

1141 

1194 

1402 

1206 

1556 

1282 

5655 

1029 

2266 

1609 

945 

1194 

1546 

1142 

2364 

rm8 

[mJy] 

2.37 

4.95 

2.79 

4.06 

3.08 

2.83 

4.5 

2.67 

3.16 

2.26 

2.87 

3.57 

4.3 

2.18 

3.02 

4.95 

2.45 

4.91 

2.52 

2.62 

5.56 

3.16 

2.6 

2.34 

2.9 

4.09 

2.89 

3.03 

2.41 

2.92 

2.6 

4.32 

2.63 

4.04 

3.65 

3.14 

3.91 

2.7 

3.19 

3.13 

2.4 

3.81 

4.9 

54 

154 

298 

241 

205 

81 

88 

610 

230 

255 

126 

220 

58 

52 

50 

106 

47 

344 

402 

468 

100 

85 

101 

130 

235 

193 

27 

140 

60 

66 

68 

212 

258 

288 

64 

153 

153 

175 

31 

158 

93 

107 

296 

97 

84 

177 

358 

262 

233 

115 

107 

630 

253 

273 

172 

249 

75 

93 

62 

148 

80 

400 

420 

508 

138 

110 

133 

146 

258 

208 

59 

155 

78 

111 

106 

244 

289 

311 

117 

182 

173 

194 

50 

190 

149 

131 

361 

Speak 

[mJy] 

26.07 

59.9 

14.79 

38.98 

78.48 

28.58 

170.55 

14.95 

79.63 

102.38 

13.49 

28.92 

30.1 

48.4 

11.48 

48.51 

38.47 

40.26 

31.75 

12.6 

21.13 

58.78 

96.2 

10.3 

36.25 

21.15 

32.66 

79.39 

7.47 

51.1 

16.38 

56.16 

107.83 

103.83 

25.55 

57.78 

38.59 

46.22 

18.18 

27.23 

14.16 

104.01 

51.94 

Sint log MHI 

[Jykms-1 ] [M0J 
1.87 7.9 

8.7 8.9 

2.79 9.0 

5 9.0 

15.06 9.2 

2.16 8.2 

13.71 9.2 

3.36 8.4 

14.8 9.5 

24.9 9.1 

1.49 8.0 

5.53 9.0 

1.34 9.0 

2.79 8.3 

0.42 7.7 

4.81 8.5 

1.98 8.0 

11.71 9.2 

7.55 9.0 

4.38 9.9 

1.88 8.0 

4.8 8.7 

10.27 10.1 

1.16 7.9 

6.18 9.3 

3.7 9.2 

0.91 7.7 

10.78 9.1 

0.28 7.3 

3.95 8.4 

1.02 8.0 

10.63 8.9 

26.23 9.5 

19.11 9.2 

1.9 9.5 

7.75 8.6 

5.35 9.1 

7.22 9.0 

0.52 7.4 

4.1 8.5 

1.14 8.1 

10.93 8.8 

13.94 9.6 
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TableA.1 continued ... 

Coordinates (J2 000) 

hhmmss degrees 

11 40 18.5 +09 00 35.5 

11 41 07.5 +32 25 37.2 

11 42 26.3 +51 35 52.7 

11 43 16.1 -01 23 40.9 

11 43 27.0 +11 23 54.3 

11 43 31.1 +55 28 44.0 

11 43 34.7 +08 5632.8 

11 44 04.9 +60 07 11.2 

11 44 10.6 -03 40 07.6 

11 44 14.8 +55 02 05.9 

11 44 52.1 +57 52 24.6 

11 45 35.6 +55 53 12.8 

11 45 45.6 +10 49 28.5 

11 46 07.8 +47 29 41.1 

114700.7 +00 1739.1 

11 4734.4 +55 58 02.0 

11 4745.3 +59 53 12.0 

11 48 03.4 +30 21 33.5 

11 48 10.6 -01 59 20.8 

11 48 50.4 -02 01 56.0 

11 50 04.4 +26 28 45.2 

11 50 34.0 +00 32 16.2 

11 50 56.0 +14 35 41.4 

11 5239.1 +5002 16.0 

11 53 14.1 -03 24 32.2 

11 54 12.3 +0008 11.8 

11 54 25.0 -02 19 10.4 

11 5433.7 +58 22 01.3 

11 55 04.9 +01 43 11.3 

11 55 28.7 +11 5806.1 

11 55 54.9 +40 55 18.5 

11 56 10.3 +60 31 21.1 

11 56 28.1 +55 07 30.8 

11 56 55.4 +57 30 47.4 

11 57 12.4 -02 41 11.3 

11 57 35.3 +02 10 04.2 

11 5834.3 +53 20 43.7 

11 5900.7 +04 40 10.7 

11 59 09.4 +52 42 27.3 

11 59 10.3 -02 35 27.2 

120047.4 -03 25 12.3 

1201 10.5 +1406 13.5 

12 01 22.3 +02 11 08.3 

1831 

1817 

976 

1904 

902 

959 

5864 

2440 

1208 

1423 

1275 

1156 

3082 

893 

1428 

2337 

1261 

6149 

1523 

1723 

1769 

1747 

1005 

994 

1262 

1133 

2353 

3364 

1298 

6251 

1103 

9665 

1105 

1068 

1380 

997 

1110 

1599 

1071 

1542 

1501 

1492 

966 

rms 

[mJyJ 

2.83 

3.03 

3.13 

2.43 

2.86 

3.58 

2.95 

5.12 

2.12 

4.04 

3.87 

5 

2.68 

2.03 

2.03 

5.54 

4.62 

2.47 

4.06 

3.65 

2.48 

4.28 

1.81 

4.14 

2.7 

2.52 

3.22 

5.96 

3.27 

2.59 

3.42 

4.88 

4.82 

3.74 

3.36 

1.79 

3.92 

2.97 

7.68 

3.76 

2.67 

2.85 

2.35 

240 

80 

179 

40 

87 

143 

497 

398 

62 

126 

43 

169 

50 

336 

142 

280 

89 

396 

93 

221 

206 

187 

47 

71 

60 

38 

231 

435 

128 

478 

56 

131 

214 

142 

34 

65 

111 

o 
173 

108 

108 

199 

34 

98 

255 

134 

197 

56 

107 

163 

510 

462 

90 

167 

74 

185 

101 

362 

o 
316 

216 

440 

106 

236 

247 

200 

88 

114 

144 

112 

259 

497 

180 

505 

96 

146 

247 

176 

57 

o 
136 

o 
190 

130 

212 

223 

48 

Speak 

[mJy] 

12.45 

23.03 

42.26 

8.26 

8.72 

27.57 

11.51 

23.55 

18.66 

51.31 

23.61 

41 

8.58 

64.84 

6.09 

43.77 

23.56 

27.66 

25.98 

140.89 

24.83 

34.24 

55.55 

54.65 

11.07 

12.35 

46.37 

29.8 

16.02 

56.72 

25.99 

32.21 

85.8 

31.04 

25.87 

7.34 

20.38 

9.8 

122.88 

36.47 

27.77 

44.18 

18.33 

Sint log MHI 

[Jykms-1] [M0J 

2.39 8.6 

1.82 8.5 

6.48 8.5 

0.18 7.5 

0.63 7.4 

3.24 8.2 

2.91 9.7 

4.71 9.1 

1.18 7.9 

6.03 8.8 

0.84 7.8 

5.7 8.6 

0.34 8.2 

15.22 8.8 

0.56 7.7 

10.02 9.4 

2.39 8.3 

8.35 10.2 

2.13 8.4 

22.96 9.5 

4.24 8.8 

4.49 8.8 

3.1 8.2 

3.87 8.3 

0.56 7.6 

0.55 7.5 

7.05 9.3 

5.64 9.5 

2.06 8.2 

15.64 10.5 

1.47 7.9 

3.25 10.2 

15.41 9.0 

4.12 8.4 

0.86 7.9 

0.45 7.3 

1.9 8.1 

0.55 7.8 

19.43 9.0 

3.59 8.6 

2.57 8.5 

7.69 8.9 

0.56 7.4 
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TableA.1 continued ... 

Coordinates (J2 000) 

hhmmss degrees 

1201 23.7 +13 24 03.6 

12 02 12.2 +62 08 13.9 

12 02 42.2 +01 58 36.5 

12 03 40.1 +02 38 28.3 

12 04 04.3 +04 48 47.1 

12 04 12.5 +00 48 09.3 

1205 19.9 +00 28 48.7 

12 05 36.0 +41 17 21.9 

12 07 41.3 +39 22 45.9 

12 07 46.1 +43 07 34.8 

1208 ILl +02 52 41.8 

12 08 20.0 +02 30 19.9 

12 08 42.3 +36 48 09.9 

12 08 47.3 +29 18 17.2 

12 09 10.0 +29 10 36.8 

12 09 49.1 +43 14 04.8 

12 10 35.7 +11 45 38.9 

12 10 54.5 +39 45 26.5 

12 11 19.9 +01 29 32.2 

12 11 21.8 +38 32 23.5 

12 11 27.5 +02 55 34.6 

12 12 10.9 +02 52 55.7 

12 12 14.7 +00 04 20.2 

12 1231.9 +2909 58.7 

12 12 32.3 +12 07 25.7 

12 13 53.6 +13 10 22.2 

12 15 56.3 +14 25 58.9 

12 15 58.5 +02 02 22.0 

12 16 00.4 +04 39 03.5 

12 16 38.7 -{Jl 27 06.6 

12 19 09.9 +03 51 23.5 

12 19 52.6 +27 37 15.6 

12 20 25.8 +33 14 31. 7 

122035.5 +304748.7 

12 20 47.5 +58 05 33.0 

12 20 54.6 +03 24 09.6 

12 21 32.8 +14 36 22.2 

12 21 57.8 +02 20 42.3 

12 22 42.2 +09 19 56.9 

12 22 56.6 +02 44 49.0 

12 23 23.4 +01 48 54.2 

12 23 30.0 +02 00 29.1 

12 23 53.9 -{J3 26 34.5 

925 

1214 

1964 

1222 

2191 

2906 

1349 

1022 

1055 

908 

1319 

1972 

1074 

3973 

3801 

1053 

1290 

1150 

2091 

1072 

1272 

2077 

2321 

3908 

2191 

2436 

1396 

6305 

2142 

900 

1513 

2300 

1055 

1109 

3012 

2319 

1116 

1812 

1254 

1815 

1836 

1818 

1988 

rms 

[mJyj 

2.68 

5.45 

3.35 

1.83 

2.48 

2.42 

2.42 

3.13 

3.53 

3.36 

2.86 

2.47 

2.96 

3.3 

2.72 

3.11 

2.27 

4.4 

3.17 

2.84 

3.25 

3.03 

2.34 

3.39 

2.55 

3.48 

2.67 

2.26 

3.09 

2.63 

4.11 

2.91 

2.06 

2.53 

3.9 

2.35 

2.25 

1.64 

2.93 

2.6 

2.44 

2.47 

3.18 

89 

222 

298 

119 

112 

113 

28 

31 

39 

247 

205 

80 

130 

295 

336 

74 

191 

118 

184 

45 

95 

39 

75 

325 

240 

333 

56 

60 

124 

44 

46 

155 

45 

42 

332 

370 

338 

147 

308 

112 

124 

118 

377 

99 

105 

257 

325 

145 

o 
o 

79 

64 

53 

311 

226 

o 
154 

335 

425 

88 

220 

150 

242 

71 

117 

o 
110 

407 

264 

349 

261 

116 

177 

64 

85 

175 

100 

105 

350 

o 
376 

171 

321 

170 

141 

182 

451 

Speak 

[mJy] 

35.54 

128.62 

43.22 

13.54 

16.62 

7.5 

15 

29.11 

21.18 

19.15 

174.46 

8.65 

163.39 

11.22 

56.03 

33.59 

15.66 

88 

34.87 

40.33 

78.65 

12.42 

14.51 

17.63 

50.75 

22.62 

12.55 

7.01 

32.75 

23.93 

46.85 

11.06 

7.73 

24.29 

20.67 

9.17 

51.75 

8.36 

24.32 

12.22 

10 

12.35 

49.29 

2.92 

24.8 

11.88 

1.37 

1.75 

0.7 

0.52 

0.94 

0.71 

3.14 

30.69 

0.69 

20.25 

1.9 

16.41 

2.34 

2.77 

9.08 

5.15 

1.86 

6.84 

0.31 

1.1 

3.92 

9.28 

4.34 

0.77 

0.46 

3.83 

0.9 

2.42 

1.43 

0.41 

1.26 

5.76 

1.84 

14.31 

0.96 

5.21 

1.12 

0.9 

1.32 

10.58 

8.1 

9.3 

9.4 

8.0 

8.6 

8.5 

7.7 

7.7 

7.6 

8.1 

9.4 

8.1 

9.1 

9.2 

10.1 

8.1 

8.4 

8.8 

9.0 

8.0 

8.7 

7.8 

8.5 

9.5 

9.3 

9.1 

7.9 

9.0 

8.9 

7.6 

8.4 

8.6 

7.4 

7.9 

9.4 

8.7 

8.9 

8.2 

8.6 

8.3 

8.2 

8.3 

9.3 
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TableA.l continued ... 

Coordinates (J2 000) 

hhmmss degrees 

122401.5 +12 12 17.1 

1225 50.7 +10 27 32.6 

12 26 54.6 +00 52 39.4 

12 30 26.8 +04 14 47.6 

12 32 33.5 +09 10 25.1 

12 34 34.1 +63 31 30.2 

12 37 48.4 +05 22 06.6 

12 39 50.3 +01 40 21.4 

124008.7 +00 21 04.8 

1241 11.6 +01 2437.0 

1241 12.2 +11 53 11.9 

124240.7 +13 1600.8 

1243 56.6 +13 07 36.0 

12 44 28.8 +00 28 05.0 

12 45 32.0 +00 32 08.6 

12 4745.6 +13 45 46.1 

12 48 00.1 +04 26 03.3 

124925.7 +04 23 33.1 

12 50 38.9 +01 27 52.2 

12 52 59.1 +142401.9 

12 53 21.2 +01 16 08.7 

12 54 40.6 +28 56 19.2 

12 55 12.6 +00 06 59.9 

12 55 21.9 +58 20 38.7 

13 04 31.8 -02 59 16.9 

13 05 24.9 +56 19 21.9 

13 06 04.4 +55 39 21.9 

13 09 33.1 +01 40 23.0 

13 11 31.2 +36 16 55.6 

13 14 10.8 +39 08 55.4 

13 16 00.6 +40 58 09.8 

13 16 52.3 +12 32 53.6 

13 18 45.1 +41 56 58.7 

13 20 32.1 +05 24 29.1 

132038.7 +09 4710.0 

13 23 10.5 +43 05 10.5 

13 25 13.9 +43 16 02.1 

13 26 36.6 +42 45 51.4 

13 27 02.6 +42 46 49.2 

13 27 24.6 +45 26 18.9 

13 29 25.9 +11 00 28.4 

13 30 03.6 +62 30 41.6 

13 32 10.4 46 03.9 

VHI rms 

[km 8-1] [mJy] 

2302 2.28 

1095 3.61 

2183 2.63 

2429 2.52 

1161 2.63 

2707 5.68 

1056 2.46 

1226 2.61 

1705 2.68 

1680 2.94 

2232 2.4 

1100 4.22 

1044 2.32 

1177 3.21 

1606 3.07 

1612 2.82 

986 3.06 

2628 3.47 

1247 2.78 

1051 2.62 

1126 2.5 

2479 2.82 

1312 2.81 

2482 4.85 

1272 3.12 

2524 4.39 

8108 3.57 

5519 3.37 

1124 2.87 

1134 2.89 

1109 2.92 

960 2.92 

1259 3.01 

950 3.29 

1122 3.09 

8059 4.05 

1214 3.4 

1224 3.57 

1251 3.53 

1252 4.36 

6716 3.75 

1749 5.29 

2940 4.75 

98 

125 

89 

304 

74 

254 

216 

101 

31 

125 

218 

50 

283 

110 

144 
183 

45 

101 

187 

84 

282 

311 

190 

352 

68 

234 

124 

435 

114 

119 

70 

165 

133 

72 

139 

259 

222 

149 

105 

93 

568 

255 

226 

100 

123 

166 

146 

319 

120 

277 

239 

114 

74 

179 

264 

o 
312 

132 

171 

203 

75 

118 

237 

115 

297 

357 

209 

388 

85 

278 

160 

493 

195 

147 

92 

199 

160 

161 

156 

293 

260 

170 

125 

122 

592 

275 

256 

Speak 

[mJy] 

36.94 

39.71 

10.26 

35.28 

21.57 

59.64 

7.38 

18.3 

18.65 

52.89 

15.41 

46.42 

120.64 

95.02 

92.1 

29.89 

92.11 

38.17 

20.02 

19.39 

41.25 

77.55 

107.2 

65.48 

44.93 

33.94 

56.76 

19.21 

57.11 

31.79 

22.19 

61.9 

39.13 

14.15 

70.7 

24.3 

73.1 

40.34 

18.36 

34.01 

54.38 

66.65 

19 

Sint log MHI 

[Jykms-1] [M01 
3.48 9.0 

4.42 8.4 

0.85 8.3 

7.04 9.3 

1.52 8.0 

10.55 9.6 

0.83 7.7 

1.62 8.1 

0.8 8.1 

6.45 9.0 

3.09 8.9 

3.87 8.4 

30.16 9.2 

9.59 8.8 

11.24 9.2 

4.78 8.8 

4.58 8.3 

3.17 9.0 

2.71 8.3 

2.03 8.0 

8.24 8.7 

20.51 9.8 

16.21 9.1 

19.82 9.8 

2.95 8.4 

5.53 9.2 

5.95 10.3 

5.31 9.9 

6.76 8.6 

3.75 8.4 

1.5 8.0 

9.93 8.7 

5.09 8.6 

1.07 7.7 

8.89 8.7 

4.81 10.2 

13.43 9.0 

5.97 8.6 

1.77 8.1 

3.22 8.4 

14.26 10.5 

11.49 9.2 

2.83 9.1 
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TableA.1 continued ... 

Coordinates (J2 000) 

hhmmss degrees 

13 33 05.3 -{Jl 02 08.8 

1333 14.7 +45 50 13.8 

13 33 31.8 +38 36 19.5 

13 35 16.2 +44 45 41.1 

13 35 42.7 +45 55 46.4 

13 36 01.2 +49 57 39.0 

13 36 22.9 +39 42 16.5 

13 38 30.6 +08 26 32.3 

13 39 36.0 +43 03 10.0 

13 40 15.2 +38 52 09.5 

13 40 29.8 +42 59 33.6 

13 40 39.9 +54 19 58.3 

13 40 43.3 +39 33 10.5 

13 45 19.2 +41 42 45.2 

1346 18.7 +43 51 04.8 

134624.7 +46 06 25.3 

134745.5 +38 1533.2 

13 48 16.0 +03 57 03.1 

13 48 56.1 +39 59 06.6 

13 49 44.3 +39 59 05.1 

13 51 31.1 +39 27 17.0 

13 52 04.2 -{J2 12 23.8 

13 52 34.9 +38 42 18.7 

13 52 54.5 -{Jl 06 52.6 

13 53 21.6 +40 21 50.1 

13 53 38.4 +36 08 02.5 

13 54 58.4 +05 20 01.4 

13 55 34.3 +59 44 34.1 

13 55 39.9 +40 2742.3 

13 56 09.3 +05 32 33.3 

13 56 51.0 +374750.0 

13 57 11.5 +502608.5 

13 57 19.2 +11 5833.6 

13 58 37.9 +37 25 28.1 

13 58 37.9 +60 47 48.5 

14 00 20.1 +38 54 55.5 

140045.7 +59 1941.8 

14 02 54.1 +49 10 15.6 

14 03 00.8 +50 00 43.6 

1403 12.1 +11 43 11.5 

140336.7 +39 03 10.1 

14 06 21.6 +50 43 30.3 

14 06 31.9 +06 01 46.8 

3676 

1324 

1184 

2604 

1438 

1603 

2418 

1020 

3498 

3917 

2831 

2001 

3333 

2542 

2405 

1507 

1409 

1161 

2792 

2549 

1836 

4310 

2401 

1368 

2304 

8260 

1434 

1593 

2531 

1082 

2952 

1867 

6048 

3417 

1617 

5291 

2934 

2048 

1886 

5185 

5707 

1876 

1015 

rms 

[mJyj 

2.14 

3.57 

2.24 

3.39 

3.96 

4.48 

3.2 

2.17 

3.13 

3.27 

3.08 

3.74 

3.11 

3.29 

2.8 

7.75 

2.79 

2.1 

2.7 

4.14 

2.46 

3.76 

2.78 

3.24 

3.24 

3.87 

1.91 

9.35 

4.33 

2.27 

2.68 

3.22 

2.69 

2.76 

4.18 

3.28 

4.54 

3.19 

3.93 

1.84 

2.99 

3.2 

2.91 

279 

121 

139 

182 

44 

264 

91 

119 

77 

318 

160 

230 

147 

454 

394 

304 

154 

206 

o 
400 

142 

82 

165 

211 

294 

o 
124 

139 

384 

40 

294 

207 

282 

545 

145 

364 

306 

274 

102 

267 

198 

190 

244 

101 

316 

136 

156 

218 

68 

290 

o 
141 

137 

332 

o 
251 

166 

476 

423 

329 

228 

225 

o 
432 

205 

110 

200 

230 

317 

o 
150 

18 

408 

58 

311 

255 

296 

640 

159 

382 

334 

423 

134 

308 

245 

228 

261 

Speak 

[mJyj 

35.29 

28.92 

34.5 

24.41 

90.68 

22.85 

13.44 

32.38 

31.93 

10.14 

17.86 

74.8 

12.44 

29.61 

125.16 

110.83 

48.83 

69.72 

9.72 

22.77 

11.32 

103.78 

15.57 

148.07 

103.36 

16.25 

28.08 

47.69 

101.75 

10.67 

15.81 

14.17 

15.6 

36.16 

38.04 

23.29 

32.23 

56.46 

12.38 

6.26 

18.12 

28.8 

18.62 

7.15 

2.75 

4.49 

3.56 

4.29 

4.69 

1.1 

3.68 

2.71 

1.36 

2.33 

13.58 

1.02 

9.89 

34.14 

27.01 

7.86 

11.66 

0.54 

6.36 

1.38 

8.5 

2.18 

19.74 

20.49 

0.67 

2.88 

5.05 

22.03 

0.37 

3.07 

2.15 

2.98 

16.7 

4.68 

4.53 

5.53 

16.29 

1.19 

1.07 

2.69 

4.4 

3.58 

9.7 

8.4 

8.5 

9.1 

8.6 

8.8 

8.5 

8.3 

9.2 

9.0 

9.0 

9.4 

8.8 

9.5 

10.0 

9.5 

8.9 

8.9 

8.3 

9.3 

8.4 

9.9 

8.8 

9.3 

9.7 

9.4 

8.5 

8.8 

9.8 

7.3 

9.1 

8.6 

9.7 

10.0 

8.8 

9.8 

9.4 

9.5 

8.3 

9.2 

9.6 

8.9 

8.3 
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TableA.1 continued ... 

Coordinates (J2 000) 

hhmmss degrees 

140725.0 +55 06 11.0 

14 08 58.1 --{)2 58 25.6 

14 10 00.7 +39 11 54.1 

14 1003.1 +54 13 05.8 

14 10 12.9 --{)2 34 32.9 

14 10 15.2 +48 32 45.9 

14 10 35.9 +59 21 28.7 

14 11 49.6 +47 57 58.8 

14 11 53.4 +38 11 37.8 

14 13 36.9 +47 24 21.0 

14 14 54.1 -02 08 22.9 

14 15 34.1 +36 13 35.6 

14 17 04.2 --{)1 30 20.1 

14 19 20.2 +01 09 54.6 

14 20 26.5 +35 11 19.6 

14 20 32.1 +03 58 59.6 

14 20 40.3 +40 18 55.1 

14 20 43.5 +04 08 37.1 

14 20 44.5 +08 37 35.8 

14 20 55.9 +03 14 16.8 

14 22 12.2 -01 53 28.7 

14 22 23.8 +00 23 15.6 

14 23 27.1 +01 43 34.6 

142424.3 +08 1634.1 

14 25 21.0 +39 32 22.4 

14 26 35.2 +51 35 07.3 

14 26 59.8 +08 41 01.0 

142710.7 +05 08 08.3 

14 27 28.4 +46 08 47.5 

14 28 18.4 +13 46 48.8 

143025.5 +35 19 15.7 

14 30 39.3 +07 16 30.3 

143205.6 +57 5517.1 

14 32 46.8 +49 27 28.4 

143324.3 +04 27 01.7 

143539.9 +13 10 11.7 

14 37 13.6 +43 41 45.4 

14 37 30.8 +51 33 42.6 

14 38 18.1 +03 24 37.1 

14 39 52.2 +42 44 32.4 

14 40 03.5 +34 05 59.5 

144026.1 +33 59 20.8 

14 40 56.4 +00 19 05.5 

1378 

1615 

1477 

1808 

1555 

2000 

3033 

2088 

5996 

2121 

1557 

2868 

1557 

2418 

3579 

1761 

1266 

1773 

1293 

1599 

1001 

1630 

1389 

1248 

1437 

1898 

1359 

1563 

2313 

1280 

3105 

1351 

1897 

2108 

1571 

1795 

3259 

2186 

1585 

2505 

1498 

1479 

1725 

rms 

[mJyj 

3.43 

2.2 

3.12 

3.41 

2.14 

4.26 

4.7 

3.92 

2.77 

2.77 

2.26 

3.36 

4.03 

1.91 

4.06 

3.04 

3.29 

2.58 

2.53 

2.49 

2.73 

2.66 

3.18 

2.98 

2.66 

3.72 

2.57 

2.7 

3.75 

2.22 

3.08 

2.96 

4.54 

3.95 

2.91 

2.55 

2.83 

2.71 

2.55 

3.34 

3.15 

3.13 

3.7 

174 

79 

80 

204 

212 

62 

213 

112 

479 

151 

41 

572 

66 

101 

113 

81 

73 

61 

84 

72 

81 

198 

217 

115 

172 

100 

145 

89 

276 

192 

344 

180 

387 

448 

106 

190 

308 

405 

165 

271 

89 

189 

379 

102 

206 

110 

120 

221 

261 

o 
255 

135 

524 

180 

119 

609 

93 

135 

217 

108 

125 

105 

115 

144 

135 

219 

237 

140 

200 

133 

169 

114 

297 

212 

435 

206 

412 

476 

132 

238 

325 

425 

195 

300 

162 

208 

418 

Speak 

[mJyj 

67.23 

15.18 

9.67 

30.35 

111.92 

15.76 

35.72 

19.6 

18.28 

29.64 

10.85 

49.73 

40.7 

9.74 

49.94 

75.39 

17.44 

11.87 

26.01 

10.46 

10.1 

115.44 

115.75 

39.04 

86.18 

19.72 

52.17 

21.6 

42.38 

81.25 

27.41 

78.44 

46.31 

63.99 

196.13 

63.5 

21.59 

40.38 

18.62 

46.09 

24.26 

68.23 

79.55 

11.31 

1.05 

0.7 

5.16 

21.05 

0.87 

5.53 

1.77 

5.91 

4.39 

0.53 

23.96 

2.51 

0.77 

6.82 

6.1 

1.24 

0.59 

2.26 

0.7 

0.76 

19.88 

18.37 

4.37 

12.85 

2.01 

7.36 

1.62 

8.48 

14.76 

7.26 

13.11 

14.15 

20.26 

19.49 

12.02 

4.8 

10.88 

2.45 

11.11 

2.39 

11.94 

23.94 

9.0 

8.1 

7.9 

8.9 

9.4 

8.2 

9.4 

8.6 

10.0 

9.0 

7.8 

10.0 

8.5 

8.3 

9.6 

9.0 

8.0 

8.0 

8.3 

7.9 

7.6 

9.4 

9.2 

8.5 

9.1 

8.6 

8.8 

8.3 

9.4 

9.1 

9.5 

9.1 

9.4 

9.6 

9.4 

9.3 

9.4 

9.4 

8.5 

9.5 

8.4 

9.1 

9.5 
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Table A.l continued ... 

Coordinates (J2 000) 

hhmmss degrees 

14 40 58.3 +02 11 11.5 

14 41 32.0 +44 30 45.9 

14 42 33.2 +28 43 35.2 

14 42 45.9 +00 21 03.9 

1442 57.9 +04 53 27.7 

1444 24.4 +01 40 47.1 

144620.2 +044358.7 

14 46 21.1 +34 22 14.0 

144744.5 +36 30 16.8 

14 50 56.6 +35 34 19.5 

1451 06.7 +02 31 26.9 

1451 14.4 +353232.1 

145207.9 -{)2 31 47.0 

14 53 05.2 +03 19 54.4 

14 53 42.5 +03 34 56.9 

15 00 00.4 +01 53 28.7 

15 00 26.4 +01 37 28.0 

150707.7 +01 32 39.2 

15 09 13.2 +52 31 42.3 

15 09 31.6 +54 30 23.3 

15 19 25.3 +45 52 48.9 

15 20 55.4 -{)2 34 40.5 

15 26 41.5 +40 33 52.2 

15 29 45.0 +42 55 07.2 

153047.3 +23 03 57.9 

15 35 36.1 +00 22 31.0 

153902.4 +31 45 35.7 

15 45 44.5 +20 33 37.4 

15 59 03.0 +51 18 16.8 

15 59 12.5 +44 42 59.3 

15 59 55.5 +06 53 02.6 

16 01 48.4 +06 50 18.4 

16 05 45.9 +41 20 41.1 

16 08 17.3 +07 32 18.6 

160920.7 +08 45 47.7 

16 11 11.5 +482004.0 

16 18 30.0 +22 09 47.3 

16 20 47.4 +47 03 53.9 

16 25 30.5 +49 50 24.9 

16 25 50.0 +40 29 19.3 

16 40 21.4 +28 45 55.9 

164022.2 +28 28 17.5 

16 42 28.9 +34 30 30.3 

1621 

3221 

3693 

1697 

1633 

1559 

1514 

1627 

1242 

1205 

2089 

1251 

1945 

1550 

1556 

1368 

1493 

2524 

3479 

3052 

5076 

1975 

2601 

5447 

1971 

2035 

2014 

2075 

3765 

1841 

1549 

1748 

1976 

1360 

3016 

2783 

4194 

2974 

5850 

8424 

958 

954 

6478 

rms 

[mJy] 

2.44 

2.7 

2.61 

2.72 

2.43 

6.66 

2.69 

2.57 

2.65 

2.88 

2.39 

2.71 

2.29 

2.39 

2.27 

2.35 

2.32 

2.66 

3.61 

3.56 

3.36 

3.03 

3.53 

3.15 

2.5 

2.98 

2.8 

2.69 

3.57 

2.85 

2.56 

2.6 

3.27 

2.7 

4.14 

3.28 

2.43 

3.94 

3.86 

4.41 

3 

2.51 

2.67 

145 

216 

233 

126 

307 

325 

47 

122 

51 

85 

67 

169 

182 

207 

137 

316 

61 

197 

379 

102 

386 

340 

360 

394 

92 

44 

131 

60 

414 

48 

27 

90 

112 

209 

74 

83 

247 

135 

131 

80 

89 

57 

290 

103 

166 

252 

257 

220 

323 

348 

116 

174 

138 

131 

133 

206 

207 

219 

170 

349 

142 

223 

402 

158 

416 

367 

389 

441 

115 

76 

212 

84 

425 

76 

108 

101 

168 

228 

94 

132 

294 

153 

147 

191 

103 

80 

308 

Speak 

[mJy] 

24.4 

19.71 

62.69 

30.36 

71.52 

88.58 

13.99 

53.46 

17.49 

42.91 

11.71 

43.36 

77.17 

32.98 

178.42 

39.25 

15.68 

64.64 

33.93 

13.88 

26.88 

16.67 

71.94 

16.7 

51.78 

25.33 

23.69 

103.56 

13.92 

49.9 

10.24 

14.04 

110.85 

59.94 

109.71 

20.99 

20.46 

13.59 

34.51 

22.18 

38.4 

16.97 

17.09 

3.19 

3.47 

10.87 

4.21 

16.59 

20.96 

0.59 

6.52 

1.13 

3.58 

0.77 

6.84 

12.3 

5.59 

24.7 

8.02 

1.32 

8.87 

9.2 

1.42 

6.92 

3.18 

23.29 

4.69 

4.68 

1.21 

3.01 

6.64 

3.58 

2.55 

0.43 

0.96 

13 

11.04 

7.8 

1.51 

4.07 

1.21 

3.39 

2.2 

3.25 

0.94 

3.17 

8.6 

9.3 

9.9 

8.8 

9.3 

9.4 

7.8 

8.9 

7.9 

8.4 

8.2 

8.7 

9.4 

8.8 

9.5 

8.9 

8.2 

9.4 

9.7 

8.8 

10.0 

8.8 

9.9 

9.8 

9.0 

8.4 

8.8 

9.2 

9.4 

8.6 

7.7 

8.2 

9.4 

9.0 

9.5 

8.8 

9.6 

8.7 

9.8 

9.9 

8.2 

7.6 

9.8 
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TableA.1 continued ... 

Coordinates (J2 000) VHI rms W50 W20 Speak Sint log MHI 

hhmmss degrees [km 8-1] [mJy] [km 8-1] [km s-l] [mJy] [Jykms-l] [Mev] 
17 00 14.6 +23 06 22.8 2948 2.13 119 193 28.67 3.44 9.2 

205521.6 -01 1224.1 3764 2.75 271 286 26.29 4.62 9.5 

20 55 27.6 -01 13 30.8 3735 2.6 286 301 31.77 6.07 9.6 

2101 07.7 +0011 42.6 6972 2.65 409 446 11.4 2.43 9.8 

21 02 03.5 -06 17 48.7 7549 2.07 196 209 12.32 1.75 9.7 

21 26 57.8 -07 01 17.5 7217 2.32 116 141 31.11 3.09 9.9 

21 30 25.9 +00 28 27.7 5885 1.78 262 332 12.46 2.79 9.7 

22 05 42.2 +00 33 40.6 4873 3.38 167 180 10.44 1.01 9.1 

22 30 36.8 +00 06 36.9 1596 2.53 58 77 11.13 0.55 7.8 

22 31 59.0 -09 47 52.4 4542 2.52 187 210 9.58 1.27 9.1 

22 41 33.9 +00 24 03.0 1743 2.68 156 179 116.04 14.07 9.3 

2243 59.9 -10 07 01.0 968 2.33 30 63 9.32 0.21 7.0 

22 44 24.4 +00 09 43.5 4773 2.58 354 419 25.54 7.58 9.9 

22 49 44.9 +15 05 21.0 3360 3.84 158 177 26.5 3.51 9.3 

22 51 12.3 +12 46 47.1 2543 2.81 91 149 9.55 0.8 8.4 

22 53 04.5 +01 08 40.0 4842 2.42 49 119 16.46 1.17 9.1 

22 58 10.1 +14 18 30.5 2105 2.96 103 129 50.91 5 9.0 

22 59 07.3 +13 43 16.6 2559 2.44 265 290 72.47 14.21 9.7 

22 59 50.4 +13 44 09.8 2612 2.96 134 173 12.73 1.66 8.7 

2306 14.9 +14 39 27.4 1518 2.2 94 114 29.92 2.61 8.5 

23 14 17.2 -09 50 10.3 3344 2.8 184 223 19.6 3.16 9.2 

23 18 33.6 +13 26 17.8 2566 2.83 149 169 22.07 2.75 9.0 

23 1904.8 -08 29 06.3 2229 2.7 503 527 68.04 20.13 9.7 

23 28 12.3 -01 03 46.2 2538 2.98 67 95 37.55 2.36 8.9 

23 32 24.4 +15 50 52.2 3978 3.5 224 243 35 5.42 9.6 

233631.3 +002943.3 2481 2.89 56 122 17.05 1.16 8.5 

23 36 46.9 +00 37 24.3 2613 2.95 47 0 9.15 0.22 7.9 

23 37 23.9 +00 23 30.0 2659 2.82 145 168 57.53 7.35 9.4 

23 38 41.2 +15 57 16.6 3813 2.94 233 257 14.41 2.48 9.3 

234020.7 +01 1444.7 1856 3.25 190 216 40.3 7.57 9.1 

23 42 26.0 +00 15 21.5 6404 2.76 219 282 9.94 1.41 9.5 

235607.1 +005459.4 7112 6.15 177 229 52.28 8.82 10.4 

23 59 37.0 +14 48 25.0 1739 2.76 181 223 135.79 23.47 9.5 

Note: an entry of zero in either columns 5 or 6 indicates that the parameter was not 
recorded. 
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