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Radiocommunity mustconvinceotherastrophysicssub-disciplinesabout SKA!
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PAR TICIP ANTS IN THE SKA GALAXY ASSEMBL Y
DISCUSSION

Cotton, Dey, Dewdney, Dickman, Ghosh, Henning,

Lewis, Lockman, Kellermann, Narayanan, Pisano,

Schreier, Stockdale, Strauss, Taylor, Ulvestad,

van Gorkom(by Email), Windhorst (Chair), M. Yun.

OTHERS:Forgive me if I missed your namehere.
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WHA T ARE CRITICAL SCIENCE DRIVERS FOR
RADIO TELESCOPES OF THE NEXT DECADE?

A) HIERARCHICALGALAXYFORMATION & GALAXYASSEMBLY:

� How do smallHI cloudsat z=7{15 transform into the giantspiralsand
ellipticalsseentoday?

B) THE GALAXYFORMATION{AGNPARADIGM:

� How did supermassiveblackholegrowth keepup with galaxyassembly?

C) RADIOGALAXIES,JETS,andQUASARS:

� How doestheaccretiondiskfeedtheSMBH,andhow are radiojetsand
lobesproducedasa result?

D) TECHNICALREQUIREMENTSFOR NEXT GENERATION RADIO
TELESCOPE.
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� HUDFgalaxycounts(Cohenetal. 2006):expectanintegralof >
� 2� 106

galaxies/deg2 to AB=31.5 mag(' 1 nJy at opticalwavelengths).SKA
will seesimilar surfacedensitiesdown to S1:4 ' 10 nJy.

� ) Must carry out SKAnJy-surveyswith su�cient spatialresolutionto
avoidobjectconfusion(for HST this meansFWHM<

� 000: 08).

� ) AlwaysobtainSKAHI linechannels,socandisentangleoverlapping
continuumsourcesin redshiftsspace,and�nd all the enclosedHI.
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Simulated12-hrSKA1.4GHzimage:FWHM' 000: 1 and
ux limit 0:1 � Jy
(5-� ). Of the 1 deg2 FOV, onlyanHST/HDF areais shown (20:5� 20:5).
Redextendedradiosourcesare AGN in early-type galaxies.Bluemostly
point-likeor disk-shapedsourcesresidein star-forminggalaxies,whichdom-
inatethe countsbelow 1 mJy. Normalspiralwill dominatebelow 100nJy.
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All RSS populations

Steep spectrum AGN   (gE's)

Flat spectrum AGN   (QSR's)

Starburst Galaxies

Normal Galaxies
(`̀FBG's'')

DT 1.41GHz
 < 0.06K

Normalizeddi�erential 1.41 GHzsourcecounts(Windhorst etal. 1993,
2003;Hopkinsetal. 2000)from 100Jy down to 100nJy. Filledcircles
below 10� Jy show the 12-hrSKAsimulationof Hopkinsetal. (2006).

Models: giant ellipticals(dot-dash)and quasars dominatethe countsto
1 mJy, starbursts(dashed)below 1 mJy. Normal spiralsat cosmological
distances(dot-longdash)will dominatethe SKAcountsbelow 100nJy.
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HSTGOODSmeasuredgalaxysizeevolution(Fergusonetal. 2004ApJL):

� Mediangalaxysizesdeclinesteadilyat higherredshifts,despitethe cos-
mological� {z relationthat minimizesat z' 1.6 for � -cosmology.

� Evidenceof intrinsicsizeevolution: rhl (z) / rhl (0) . (1+z)� s, s' 1.

� Causedby hierarchical formation of galaxies,leadingto intrinsically
smallergalaxiesat higherredshifts,wherefewer mergershaveoccurred.

� SKAmustanticipatethe small<� 000: 15 radiosizesof faint galaxies.
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The HST/ACSHubbleUltraDeepField(HUDF;Beckwithetal. 2006AJ;
astro-ph/0608xxx)hassimilarly shown that:
� Highredshiftgalaxies(B-dropsat z' 4; V-dropsat z' 5; andi-dropsat
z' 6) are intrinsicallyverysmall:
� Galaxiesat z' 4{6 have: rhl ' 000: 12 ' 0.7{0.9kpc intrinsically.
� SKAmustanticipatethe small<� 000: 15 radiosizesof faint galaxies.
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Combinationof ground-basedandspace-basedHSTsurveysshow:

� (1) Apparent galaxysizesdeclinefromthe RC3to the HUDFlimits:

� (2) At the HDF/HUDFlimits, this is not dueSB-selectione�ects (cos-
mological(1+z)4-dimming),but insteaddueto:

� (2a)hierarchicalformationof galaxies,whichcausessizeevolutionrhl (z)
/ rhl (0) . (1+z)� s, s' 1.

� (2b) increasinginability of objectdetectionalgorithmsto deblendgalaxies
at faint mags(\natural" confusion6= \instrumental"confusion).

� (3) At AB>
� 30 mag,JWST and at >

� 10 nJy, SKA will seemore than
2� 106 galaxies/deg2. Mostof thesewill beunresolved(r hl

<
� 000: 1FWHM.

Sincezmed
>
� 1.5, this will signi�cantlymitigatethe (1+z)4-dimming.

SKAneedsto strike the right balancebetweenhavinga resolutionthat is:
� Highenoughto disentanglethe expectedfaint smallHI andcontinuum
sourcesfromtheir neighbors, and
� Not sohigh that smallHI andcontinuumsourcesat veryredshiftsare
highlyresolved,soasto mitigatethe SB-dimmingasmuchaspossible.
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Medianangular sizevs. 1.41GHz
ux from100Jydownto 30� Jy (Wind-
horst etal. 2003). SKAsizesat 10{100nJyare estimatedfrom the HST
N(rhl ) to AB=30 mag(3 nJy),whereboth detect>

� 106 objects/deg2.
Purpleline is the naturalconfusionlimit dueto the intrinsicsourcesizes,
abovewhichsourcesunavoidablyoverlap.SKAneeds� 000: 10FWHMres-
olutionto bestmatchthe expectedHI andradiocontinuumsizes.
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SKAwill traceHI fromDark Agesto the giantgalaxiesseentoday.

TelescopespenetratingCosmicDawn, First Light, & Recombination
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(A) HIERARCHICALGALAXYFORMATION AND GALAXYASSEMBLY:

� Galaxiesof Hubbletypesformedovera widerangeof cosmictime, but
with a notablephasetransitionaroundredshiftsz' 0.5{1.0:

(1) Subgalacticunitsrapidlymergefromz' 7! 1 to grow biggerunits.

(2) Mergerproductsstart to settleasgalaxieswith giant bulgesor large
disksaroundredshiftsz' 1. Theseevolvedmostlypassivelysincethen
(their mergerstemperedby the CosmologicalConstant?),resultingin the
giantgalaxiesthat we seetoday.

� SKAwill measurehow galaxiesof all typesassembledtheirHI andturned
it into stars overa widerangeof cosmictime: fromz=6{10 to z=0.

� HI andradiocontinuumsizesof 107{109 M � starformingobjectsare
so small(<

� 000: 2) that with proper resolution(>
� 000: 2{000: 5 FWHM), SKA

will not resolvethem,andsomitigatethe highredshiftsurfacebrightness-
dimming.
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i-banddropsin the HUDF:Mostcon�rmedat z' 6 (Malhotraet al. 2005)
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PredictedGalaxyAppearancefor JWSTandSKAat z' 1{15
HSTz=0 JWSTz=2 z=5 z=9 z=15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

NGST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

NGST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

NGST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

NGST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

NGST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

NGST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

NGST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

NGST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

NGST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

NGST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

NGST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

NGST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

NGST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

NGST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

NGST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

NGST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

NGST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

NGST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

NGST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

NGST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

NGST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

NGST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

NGST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

NGST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

SKA will observeHI and
continuumstructuresovera
wide rangeof cosmictime.
If thesetrace UV-starlight,
thenSKAwill observethat:

� (1) Most diskswill SB-
dimaway at highz,butmost
formedat zf or m

<
� 1{2.

� (2) HighSBstructuresare
visibleto veryhighz.

� (3) Point sources(AGN)
are visibleto veryhighz.

� (4) Unresolved high
SB-parts of mergers/train-
wrecksare visible to very
highredshifts.
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B) THE GALAXYFORMATION{AGNPARADIGM:

� How did supermassiveblackholegrowth keepup with galaxyassembly?

C) RADIOGALAXIES,JETS,andQUASARS:

� How doestheaccretiondiskfeedtheSMBH,andhow are radiojetsand
lobesproducedasa result?

For B) andC), pleaseseethe notesthat I Emailedyou.
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SUMMAR Y: SKA's IMP A CT ON GALAXY ASSEMBL Y

1) FINDALLBARYONIC(HYDROGEN)MASSINTHEUNIVERSEFROM
FIRSTLIGHTUNTIL TODAY.

2) MAP THE MASS-ASSEMBLY AND GAS-ASSEMBLY OF GALAXIES
OVERALL OF COSMICTIME.

3) TRACE THE FORMATION OF GALAXIESAND MASSIVEBLACK
HOLESOVERALL OF COSMICTIME

4) FINDTHE FIRSTBLACK HOLESAND THE FIRSTGALAXIES.

Briefone-linersthat summarizemostof SKAscience:

\SKA: FROMHYDROGENGASTO PLANETS" (Windhorst)

or:

\SKA: FROMPROTONSTO PLANETS" (Hogan).
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D) TECHNICAL REQUIREMENTS FOR SKA

1) WAVELENGTHRANGE:200MHz { 2.0GHz.
� Considerhybrid array: 10%of dishesup to 22 GHz(costs25%more?).

2) SPECTRALRESOLUTION:1.0*(1+z) km/secFWHM
� Neededfor spectrallinework at z' 0{10.

3) SPATIAL RESOLUTION:0.1{1.0" FWHM,but:
� <

� 10mas(<
� 10pc) FWHMto separateAGNfromstarburstsat z=1{10.

� 10{60" FWHMto detectlow-massHI cloudsat z<
� 0.05.

� Needa logarithmicor geometricbaseline-distribution,rangingfrom10's
of metersto 1000'sof km, heavilyweightedtowardsthe central50 km.

4a) CONTINUUMSENSITIVITY:10{100nJyat 1.4GHz(5 sigma)
� NeednJysensitiviyto seethe relevantobjectsto z<

� 10.
4b) LINESENSITIVITY:1.0 � Jy sensitivity (5 sigma12hrs) in 1 km/sec
linechannels.Neededto detecta M' 3� 109 M � galaxyin HI at z� 1.

5) POLARIZATION: NeedStokesI, Q, U, V to measureRM for <
� 2 GHz.

20


