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The Context: Galaxies
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JEERRAEEAEAA Y - Galaxy Stellar-Mass -Functions
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tal problem for our understanding
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HERMES

¢ HerllES"- Herschel Multi-tiered Extragalactlc Survey

To Study | the evolution of galaxias in the distant Universe
The biggest project on the Herschel Space Observatnry
A European Space Agency mission

== E “: il i+l =5

Astronomy Technology Centre Imperial College, London Mullard Space Science Laborstory
Califernia Institute of Technology Infrared Processing Analysis Centre DAPd University of Padova

Cardiff University Institut d"Astrophysigue de Paris LUC Irvime

CEA, Saclay Institut d'Astrophysique Spatiale Univarsity of British Columbia
Cornell Institute Astrophysica Canarias Univarsity of Colorado

ESAC let Propulsion Lab. University of Hertfordshire
Godard Space Flight Centre Laboratory of Astrophysics of Marseilles University of Sussex
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HERMES

1D : ETEE zﬂﬂf_ 0.7400

Type Model Ll'l:l Nband x* Z EL&‘IF E{B-V) Lir Age SF‘R Mass
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| GOODS-North field (10'x15') at 100-um- e
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Population:
analyses

The-
" Evolution of
the IR *
‘Bolometric
Luminosity .
Function
(COSMOS)
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Cur'r'ent stotus. conclusnons (1)

e 'Very consrstent results from mdependent -

e surveys strong constraints on the hrgh z galaxy
comoving emissivity | Pl

i 'C;urrent data indicate: strong posmve evqutron
of the boIometrlc L.+ very strong neqatrve

~ evolution of the comovmg density

e Nothrng mrght be so var|ant wrt h|erarch|cal

: Clustenng predlctlons . , |

" 4. It appears that the more we Iearn about gaIaxy

: ,formatron/eyolutlon, the less we understan_d |
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o Cur'r'é.m s’rq’rus: con(:ldsibns (2)

1. The bulk of SF act|V|ty at z<3-4 appears to be produced
by strongly dust- extlngwshed galaxies ;
2. UV bright obje_ct_s instead. dominate on average at z>4

Roma Giugno 2012 o " Franceschini A. 5 SKA Italy 2012
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Current roIe of radro surveys '

(to moderate depths): -
ancrllary data, e.g. useful for ;
- . source ID and rough =
AGN/SB characterrzatron

However a roIe Irmrted by |
- current sensrtrvrty =
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An example of
~ what can be
done currently
~ using lensing
amplnfucoﬂon of
the background

" SPIRE'SFTS

()

ranceschini A.

obs

2, W|th S 570 pm = 106 mJy.

Its brightness is due to very high
amplification (by a factor 32.5 £ 4.5) from a
- foreground cluster at z=0.325
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L g SMMUZ _A1AS
+ Galactic "-".«F FF"]II‘.‘.Ir'I*"
m Starburst Muclei
oMo r—ﬁquJr t Muclei
a Mormal { CIHKIE‘;
y Local ULIRC
HDSE&.
A MIPSJT1428+ 35

bl

i/
[i n* L

L[ClI}/ L,; versus LCO(1 Y Lol for SMMJ2135 compared to star-forming regions,
star-forming galaxies and ULlRGs in the local Universe. Tracks -for PDR models of
'gas density, n, and far-UV field strength, GO, are taken from Kaufman et al."(1999).
The gas in SMMJ2135 experiences a.far-UV field similar to that seen in local

ULIRGS but is at much lower densities than the typlcal materlal tn such systems.
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" | The SKA Perspective |
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The key scuen’rlfnc dmvers for'

| extrogolocﬂc astronomy and cosmology
| - with SKA (1) |

NGC 6964: same scale

. Optical (stars) . | radio 21cm (hydrogen gas)

I\/Iapping- with eXtraor’di'nary déta-il the Hi neutral gas'; that is the - |
component of baryons ready to form stars.
The.amount of HI and its kynematics,

Roma Giugho 2012 o Dol " Franceschini A: 2 SKA ltaly 2012




The key scientific drivers for

' extr'agalachc astronomy and cosmolbgy
_ . with-SKA (2)
The (maglc) radlo 208 correlctlon

. FIR
1= 375 102 W 2

1309 galaxies from IRAS in the NVSS survey region
— conS|stent with a perfectly, Ilnear correlatlon

Yun, Reddy & Condon (20017)
also Unger et al 1989

10

CDII|IIII|IIII|III

9 10 11 12
LE::'-D,u.m(LEJ)
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Example: No Tight Correlation between Blue
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Example: No Tight Correlation between Blue
and FIR for Sample GaIaXIes
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*Insight into the
radlo FIR correla‘non
vz and VL

Alre Iy

o
.
R

L%
o

T

<log LIH':' <log LIP.‘:- <log .E.m.‘:- <log Llﬁ..‘:-
« 1114 (11.23) | 1LET (11.34) ! 11.44 (11.47) | 11.5% {11.28)

0.5 1.5
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The mdlo FIR correlatlon hmvestlga‘l'ed by

Herschel H -ATLAS and NVSS/FIRST surve /s |

*E 8.00 < Logu(lem / Lg) <10.0

0.01 0.10 1.00 0.01 0.10 10 E ! J g
Redshift g ]

) 3F 3

Tentative evidence that the Ionger wavelength, cooler & { e ERFIE
dust is heated by an evolved stellar population which - ?**tML i + S
does not trace the star-formation rate as closely as ' 1 o { m | :,t ]

E 11.0 < Logu(lem / Lg) <13.0 1

the shorter wavelength < 250 pm em|SS|on or the

radloemlssmn Tl : 0.10
' Redshift
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Characterization of high-z IR starbursts

ext. starlight -.-cirrus emission
T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII|

—TOT ermnission

IFLI
N
(e}
o
o
N

|
o
=
.\}

.sources are iy 100
and all are detected in a ' o T

declining phase of SF % 0 2x10° 4><109[0] 2x10° 4x10°

101 E = 5134 z=1.039 5420 z=1.068
E T 2 1010 E T g 1010 T " 1010
1012 hesa ¥ 100 3 3
FE |l + 100 2 g 10° o 3 10°
10! el I 107 N .13 ! . 1 108
E78010 20 7 8910 20 ;
1010 ;_
10°
) s [
o 10 2
x .
»2_;\ 107 5 |
— 1018 EUS050 z=1.938 5059 z=1.769
%A 1255' T | T |'|EID‘° = L e L I [
. i 1 I‘ 'Il"_; e " oe 300 £ .Im'.'l o]~ M L3 1sxign]
EE N N E TE E e o 3 _
101 EE | ! 5 10° j = Y < 1om 1 E X 3 10m ]
Low E__ L 2I0 L 3I0 3 =il L | 108 B ;_ /__,/\\\M&af __._; 5x10% | ;_|I '/_/' MS“ “‘“ﬁ_—; 5x10t0| ]
§ T 200 _:_/. I I I I =0 -1 :_I/.I il a1, =30 ]
o [ ) / /A Z—1 C o 5x10° T o =2x10°4x10° ]
10° VAN = = - T ;
E s\ M : Ak _ T _
10° £ o8 /EN \e I : N 100 F t,.=4.5 Gyr —— top,=5.0 Gyr|_]
E ; ‘ e B T ]
10? ET L |||||| |||||Ié[': 1 |||||||| L ‘L |||||||| 1 ||||A| |||||||II L 1 ||||||| \llllll! 1 |||||||| IEEAI b — —t —
1 10 100 1000 1 10 100 1000 1 10 100 1000 @ I | | » | | 7
()] = O_|III|III|I__ﬁIII|III|II__
Al pem = T g ex10t T ELT T T T T T T 2x10tt
: : E 300 = e g vexton i—‘\ M® _.-3 1.5x10! ]
. . '. . % o - z_ /_f' _z 1gn —+ z_ _z 1pn -
According to this analysis, the SR e P S
; ' .’ : & o 200 —H . 1 Fo o el = R N —
formation redshifts for these = [ [0 Exiotaxer T o =0 ]
g toe=2. Gyr T 3. Gyr ]

Roma Giugno 2012 : " Franceschini A: 2 SKA ltalv 2012



Lm no*l' likely ﬂ\e best SFR tracer' 2

' Comparlson of a phy3|cal

estimate of SFR (based on the
e W GRASIL code) with that based on

i from Ly “the Kennicut (1998) law, SFR.

SFR,, is averaged over 10 Myrs .
Datapoints represent the diffrent
SFRfor LIRGs and ULIRGs at
high redshifts. Larger datapoints

~ with errorbars are-median values

~ with associated seml mterquartrle :
‘ranges.

r
Py
-.__"
-
-
N
—
—
=
<
r .
=
T
==
=2
)]
=]
(]
—

The 2 correlation lines -
correspond to:
_* Lgr dominated by newly formed
— stars (upper), like in Kennicut's.
lir;hle(ﬁaf‘fz],{j} [m | R contributed partly by
) intermediate and.old stellar
. populations heating the dust
‘_(Iower)
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':> Radlo flux is Ilkely a

- much better, more robust
" tracer of the rate of Star
; Formatlon (SFR) In dlstant ‘-

and formlng gaIaX|es
(Condon 1992)
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Prospects with SKA for Galaxy
Formahon S

8 SKA rms sensitivity m |1 h

Frequency (GHz) Bandwidth (MHz) Rms (iy) B

1 0.2 50 1.4 et
1.4 350 0.13] 2-6 nJy

8 2000 0.06 E-VLA

20 4000 0.08

e Con‘rlguous imaging field of view: 1 square degrees
within half power points at 1.4 GHz scalmg as-
| wavelengTh squared ‘

> Goal: 200 square degree field of view quhm half
power points at 0.7 GHz, scaling as wavelengTh
'squared between 0.5 and 1.0 GHz.
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for SKpL21cm HI
spectroscopic.

mapping the

~ pristine gas,
-available to be
transformed-into
~ stars

servations —» -

- Enormous
senS|t|V|ty for -
_ contmuum

measurements =
excellent probe of . |
SFR over large -

| The

ass function
of NM halos

hostiny, galaxy

formatiop and

“avolution Yfrom

kynemtical

Stellar mass
function of
" galaxies from
Spitzer, ground- -

‘based NIR, JWST

LE
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Golaxy Formcmon & Evolu*l'lon.
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Relatlonshlp of SKA

‘and ongoing prOJects
(ALMA JWST ELT)

> ALMA JWST EELT will mosﬂy be deduca’red To m-' " o

depth TargeTed analyses of only small sky fields”

. > SKA will have the combination of extreme _
sensitivity and large field-of-view to map wide areas

and address the |ssue of how The cosmic envnr'onmen’r i

'affecfs galaxy evolution

> As for' sensn‘uvn’ry To pomT source flux '
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