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Introducing sub-mm galaxies
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HST — Spitzer images of sub-submm
galaxies
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Submm galaxies: what do we know?

» High star-formation rates ~ 100s M /year,
but optically obscured by dust

* Rare at low-z, but the dominant population
at high-z: ~“equally bright between z~2-10!

 Emit a modified black-body spectrum with
emissivity £xv” temperature T =20-40K
and SED
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* Progenitors of large elliptical galaxies
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Introducing sub-mm galaxies
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viagnitication

Lens equation: 3 =6

Transformation matrix
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Lensing Halos

P
r/r;(l+r/r_;)

o(r) =

2

* Magnification follows analytically from surface
density, convergence and shear

p(r) = 2(8) = k(0) = k(< 0) = y(6) — u(6)
* Add ellipticity e, in lensing potential
* Propagate to w(6,.6,)
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Elliptical Halos: Magnification Maps
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Lensing Probability

* The optical depth from

intervening halos !
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Magnification effects on galaxy
number counts

* lensing: S, =uS; dQ, =udQ

» Differential counts: constant p

dn,(S.) 1 dn(Sab,)
as,,, = u dS\ u

» Differential counts: variable U (ain & tima 2010)

1 P(y)dn(SE)
= d
ds,,, (M)f “u as\ u
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Strong lensing blues

How large are the
sources?

How massive are
the lenses?

sl NFW + b NE= -

2000 2500 2000 2500
X pixe 1]

Caustics in simulations and from data
"> Wainbsganss et al: Meneghetti et al: Dalal et al. e
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Strong lensing blues

How large are the

sources?
How massive are
the lenses?
1000 §
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Single population model for submm

galaxies

. 2 r'r'r'l"r'r'J T F T ew 10 L= B |
SRR Intrinsic Sc-hlchl.n' n--lﬂ
. Lensed, z, =3.0 n*=5x10* deg™* -

Unified curves

m Lensed, z, =3.0

Pirsa: 10040104

1

Lima, Jain, Deviin, Aguirre 2010

Page 43/124




Source Galaxy Redshifts
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SPT bright sources: magnification and
halo mass

0
100 10 10% 10% 10%
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Bright SPT sources are likely magnified by factors of 10-30
A way to find high-z galaxy groups and clusters: find bright
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submm sources, follow up with 3-band optical imaging



Source Galaxy Redshifts
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Source Galaxy Redshifts
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Source Galaxy Redshifts
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Source Galaxy Redshifts

10% = intrinsic Schechter
S*=0.35mly. a=-1.0
107
— z.=3.0
lr — z' -4 ﬂ
5 z,=3.0
i 100 m—S
----- z=10
T 100
-
g 100
10 ® SPT dust \
= 20 mm \';
10t .
: NG
= S EINE Viera et al 2010
10 10-* 10 10
Y s [Iy]

Bright SPT sources are likely at z>2

irsa: 10040104 Page 51/124



Source Galaxy Redshifts
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Strong lensing blues

How large are the
sources?

How massive are
the lenses?
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Source Galaxy Redshifts
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SPT bright sources: magnification and
halo mass
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Bright SPT sources are likely magnified by factors of 10-30
A way to find high-z galaxy groups and clusters: find bright
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submm sources, follow up with 3-band optical imaging
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Submm background galaxies:
SZ contamination
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Submm background galaxies:
SZ contamination
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SZ contamination

L ! L L | — _‘l__l_ i 0L }_ | — ==

==== Uniensed _
— Lemsed

M=10"* M_/h
z=05. =20 —

200 400 600 800
v [ GHz ]

Fluctuations in the submm
flux contaminate the
intrinsic SZ signal for
smaller clusters.

((52) o 5.) - f e (5=} >

o5 = ((55y*) "



0.4

0.2

S, [Jy]

Pirsa: 10040104

Submm background galaxies:
SZ contamination

_I.J_.L.I_J_J_EL.I_J_J_.LJ_J_.LL

==== Uniensed _
— Lemsed |

M=10" M_/h
2,=05. 2, =20 —

200 400 600 800
v [ GHz ]

Fluctuations in the submm
flux contaminate the
intrinsic SZ signal for
smaller clusters.

((52) ) 5.) = [ dupiuee ((Sﬂ)zx} %]

o5 = ((5)?)



0.4

0.2

S, [dy]

Pirsa: 10040104

Submm background galaxies:
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SZ clusters: background galaxies

"Fréquency dependent source of scatter in SZ clusters™ ™"



Summary

* Submm galaxies are an exciting population of
galaxies

* With magnification by galaxy groups and
clusters, we explain submm observations with
a single population at z>2

* New high resolution observations will solve or
add to the puzzles about submm galaxies
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Summary
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Summary

* Submm galaxies are an exciting population of
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Summary

* Submm galaxies are an exciting population of
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a single population at z>2
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Summary

* Submm galaxies are an exciting population of
galaxies

* With magnification by galaxy groups and
clusters, we explain submm observations with
a single population at z>2

* New high resolution observations will solve or
add to the puzzles about submm galaxies
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Summary

* Submm galaxies are an exciting population of
galaxies

* With magnification by galaxy groups and
clusters, we explain submm observations with
a single population at z>2

* New high resolution observations will solve or
add to the puzzles about submm galaxies
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Summary

* Submm galaxies are an exciting population of
galaxies

* With magnification by galaxy groups and
clusters, we explain submm observations with
a single population at z>2

* New high resolution observations will solve or
add to the puzzles about submm galaxies
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SZ clusters: background galaxies

"Fréquency dependent source of scatter in SZ clusters™ ™"
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Source Galaxy Redshifts
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Bright SPT sources are likely at z>2
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Strong lensing blues

How large are the
sources?

How massive are
the lenses?
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Magnification effects on galaxy
number counts

* lensing: S, =uS; dQ, =udQ

» Differential counts: constant p

dn,(S.) 1 dn(Sﬂh)
ds,,. - ‘uz dS\ u

» Differential counts: variable U @ain & tima 2010)

1 P(,u)dn(SE)
= d
ds,,, (p)f “u das\ u
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Magnification effects on galaxy

number counts

* Lensing: S, =uS; dQ, =pdQ

» Differential counts: constant u
dn ;. (Sos) )_iﬂ(ﬁa)
x ds,;, w dsS\ u




