SKA's impact on Galaxy Assembly
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Radiocommunp mustconvincetherastrophysicsub-disciplinesout SKA!



PARTICIP 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.

OTHERSForgive meif | missed your namehere.



WHA T ARE CRITICAL SCIENCE DRIVERS FOR
RADIO TELESCOPES OF THE NEXT DECADE?

A) HHERARCHICAGALAXYFORMAION & GALAXYASSEMBY.:

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

B) THE GALAXYFORMAION{AGN PARADIGM:

How did supermassivelackholegrovth keepup with galaxyassembly?

C) RADIOGALAXIESJETS,andQUASARS:

D) TECHNICALREQUIREMENTEHOR NEXT GENERAION RADIO
TELESCOPE.
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HUDFgalaxycounts(Coheretal. 2006): exgectanintegralof > 2 10
galaxies/degto AB=31.5mag(’ 1 nJy at opticalwavelengths).

)  Mustcary out SKAnJy-surveywith su cient spatialresolutiorto
avoidobjectconfusior{for HST this meanF=WHM: 00©8).

) AlwaysobtainSKAHI line channelsso candisentangleverlapping
continuumsourcesn redshiftsspaceand nd all the enclosedHl.




arcsec

Simulated 2-hrSKA1.4GHzimage:FWHM 099 and ux limit 0:1 Jy
(5- ). Ofthe 1 ded FOV, onlyan HST/HDF areais shavn (2% 2%).

Blue mostly
point-like or disk-shapdsourcesesiden star-forminggalaxiesyvhichdom-
Inatethe countsbelov 1 mJy Namalspiralwill dominatebelov 100nJy



Radio Source Counts at n = 1.41 GHz
N,=151,558 radio sources

® 12 hrs SKA Simulation

All RSS populations
Steep spectrum AGN (gE's)
Flat spectrum AGN (QSR's)

Starburst Galaxies
“FBG's")
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Normal Galaxies

log S, ,, (MJy)

Namalizeddi erential 1.41 GHz sourcecounts(Windhast etal. 1993,
2003;Hopkinsetal. 2000)from 100Jy dowvn to 100nJy Filledcircles
belov 10 Jy shav the 12-hrSKA simulatiorof Hopkinsetal. (2006).

Models:
stabursts(dashedpelov 1 mJy Namal spiralsat cosmological

distancegdot-longdash)will dominatehe SKA countsbelav 100nJy



HST GOODS3neasuredalaxysizeevolutionFergusoretal. 2004ApJL):

Mediangalaxysizesdeclinesteadilyat higherredshiftsdespitethe cos-
mological {z relationthat minimizesat z 1.6for -cosmology

Evidencef intrinsicsizeevolution: ry (z) / r(0) . (1+2) =, s 1.

Causedby hierachical formation of galaxies|eadingto intrinsically
smallemgalaxiest higherredshiftswherefewer mergersfiaveoccurred.

SKAmustanticipatethe small< 045 radiosizef faint galaxies.



The HST/ACSHubbleUltraDeeg-ield(HUDF; Beckwithetal. 2006AJ;
astro-ph/0608xxxhassimilaly shavn that:

HighredshiftgalaxiesB-dropsat Z 4; V-dropsat Z 5; and
are intrinsicallyverysmall:
Galaxiesitt Z 4{6 have:ry' 0992' 0.7{0.9kpc intrinsically

SKAmustanticipatethe small< 045 radiosizeof faint galaxies.
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Combinatiomf ground-basedndspace-basddST surveyshav:
(1) Appaent galaxysizegdeclindromthe RC3to the HUDFIlimits:

(2) At the HDF/HUDFIlimits, this is not due SB-selectioe ects (cos-
mological1+z)%-dimming),but insteaddueto:

(2a) hierachicalformationof galaxiesywhichcausesizeevolutiony (z)
[ rhy(0). (1+2) > 8 1.

(2b) increasingnabillity of objectdetectioralgaithmsto deblendjalaxies
at faint mags(\natural" confusioré \instrumental"confusion).

(3) At AB” 30 mag,JWST andat ~ 10 nJy SKA will seemae than
2 1P galaxies/deg Mostof thesewill beunresolveft j,; < 094 FWHM.
Sincezmeqg” 1.5, this will signi cantlymitigatethe (1+2)4-dimming.

SKAneeddo strike the right balancéetweenhavinga resolutiorthat is:

Highenougho disentangl¢éhe expectedfaint smallHI and continuum
sourcesromtheir neighlors, and

Not so highthat smallHI and continuumsourcest veryredshiftsare
highlyresolvedsoasto mitigatethe SB-dimmingas muchaspossible.



X All Sky A 5C6&7
¥# 3CR A 5C12
* BDFL ® LBDS VLA
A VLA 4.9 GHz mly survey
A VLA 8.4 GHz mly survey
* VLA 1.4 GHz HDF survey
® VLA/Merlin 1.4 GHz HDF
X VLA A+B array 1.4 GHz HDF
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Medianangulasizevs. 1.41GHz ux from100Jydownto 30 Jy(Wind-
hast etal. 2003). SKAsizesat 10{100nJy are estimatedrom the HST
N(ry) to AB=30 mag(3 nJy), whereboth detect> 1P objects/ded.



SKAwill traceHI from Dark Agesto the giantgalaxieseertoday.

TelescopspenetratingCosmidawn, First Light, & Recombination



(A) HHERARCHICAGALAXYFORMATION AND GALAXYASSEMBY:

Galaxie®f Hubbletypesformedovera widerangeof cosmidime, but
with a notablephasdransitionaroundredshiftsz 0.5{1.0:

(1) Subgalactieinitsrapidlymergefromz 7! 1 to grow biggerunits.

(2) Mergerproductsstat to settleas galaxiesvith giant bulgesor large
disksaroundredshiftszZ 1. Theseevolvedmostly passivel\sincethen
(their mergerdemperedby the Cosmologicdlonstant?)resultingn the
glantgalaxieshat we seetoday.

SKAwill measuréow galaxiesf all typesassembletheir Hl andturned
It Into stars overa widerangeof cosmidime: fromz=6{10 to z=0.

HI and radio continuumsizesof 10'{10° M  staforming objectsare
so small(< 099) that with proper resolution(> 002{09% FWHM), SKA
will not resolveghem,andsomitigatethe highredshiftsurfacearightness-
dimming.






I-banddropsin the HUDF:Mostcon rmedat Z 6 (Malhotraet al. 2005)



PredictedGalaxyAppeaancefor IWSTandSKAat zZ 1{15

HSTz=0 JWSTz=2

Z=5

z=9

z=15

SKA will observeHI and
continuumstructuresovera
wide rangeof cosmictime.
If thesetrace UV-stalight,
then SKAwiIll observéehat:

(1) Most diskswill SB-
dimaway at highz, but most
fOrmedat Zf orm < 1{2.

(2) HighSBstructuresre
visibleto veryhighz.

(3) Point sourcegAGN)
are visibleto veryhighz.

(4) Unresolved high
SB-pats of mergers/train-
wrecksare visible to very
highredshifts.



B) THE GALAXYFORMAION{AGN PARADIGM:

How did sugermassivelackholegranth keepup with galaxyassembly?

C) RADIOGALAXIESJETS,andQUASARS:

For B) andC), pleaseseethe notesthat | Emailedyou.



SUMMAR Y: SKA's IMP ACT ON GALAXY ASSEMBL Y

1) FINDALLBARYONIGHYDROGENMASSIN THEUNIVERSEROM
FIRSTLIGHTUNTIL TODAY.

2) MAP THE MASS-ASSEMBLAND GAS-ASSEMBLOF GALAXIES
OVERALL OF COSMICTIME.

3) TRACE THE FORMA'ION OF GALAXIESAND MASSIVEBLACK
HOLESOVERALL OF COSMICTIME

4) FIND THE FIRSTBLACK HOLESAND THE FIRSTGALAXIES.

Brief one-linershat summaze mostof SKA science:
\SKA: FROMHYDROGENSASTO PLANETS" (Windhast)
or:

\SKA: FROMPROTONSTO PLANETS" (Hogan).



D) TECHNICAL REQUIREMENTS FOR SKA

1) WAVELENGTHRANGE200MHz{ 2.0 GHz.
Considehylrid array: 10%o0f dishesup to 22 GHz(costs25% mae?).

2) SPECTRAIRESOLUTIONL.0*(1+2z) km/secFWHM
Neededor spectrallinework at Z 0{10.

3) SFATIAL RESOLUTIONO.1{1.0" FWHM, but:

= 10mas(= 10pc) FWHMto sepaate AGNfrom staburstsat z=1{10.

10{60" FWHMto detectlow-masdHl cloudsat z= 0.05.

Needa logaithmic or geometridaseline-distributiorangingfrom 10's
of metersto 1000'sof km, heavilyweightediowardsthe central50 km.
4a) CONTINUUMSENSITIVITY10{100nJyat 1.4 GHz(5 sigma)

NeednJy sensitiviyo seethe relevanbbjectsto z= 10.
4b) LINESENSITIVITY1.0 Jysensitivi (5 sigmal2hrs)in 1 km/sec
linechannelsNeededo detectaM' 3 10° M galaxyinHlatz 1.

5) POLARIZAION: NeedStolesl, Q, U, V to measur&kM for = 2 GHz.




