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Cosmic Dust:

How do we know its there ?

8, e

SMG composite ———
conti

PAH template + continuum

continuum
PAH template
LY




But there is dust in different phases
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log [Lg /' Le]

140

Lip/<Lip>

0.1

Remarkably there are tight correlations

a8 E, 10 11

12
log [wLA{6.7um) / L]
8 9 01 12

log [Lg /' Lo]

13E

0.1

TTrTTrTTT

8 9 10 11
log [vL(15um) / L]

12

dust temperature

30

Dust COLOR Temperature

(K)

20

r=0.44

Dunne et al. 2000
Luminosity

T ——
]GH -CZ

But large Luminosity-Temperature scatter even in the

Local Universe introduces strong wavelength dependent biases 407




There are some nightmare
sources!

——  SBS0335-052 (IRS)
_______ Takeuchi et al. 2003 (model)

0-20 T T T T I

Flux density (Jy)
o
o
|
|

D08

g

0.00 | L0 ]

5 6 7 8 910 20 30 40 50 60 70 100
Rest Wavelength (um)

SBS 0335-052
1/40 Z,,

Houck et al. 2004 5127



Sensitivity of Different Wavelengths
to Dust Obscured Star-Formation

. '51{}00 | 24um Only

1
24+100pm JFH—-E

1100
: 244100+ 11004

Lg[B—1000 um] (Le)
SFR (Mg/yr)

1.0 1.5 2.0 2.5 3.0 3.5 4.0

0 1 2 3 4 5
Redshift Redshift

From GOODS-H (Elbaz et al.)

Mid-Infrared wavelengths are the most sensitive and least affected by confusion.
However, requires large bolometric corrections.
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Can use FIR data+stacking to
assess these correlations at high-z

L #401+1) m (Ls)

Magnelli et al. 2009a, b

1.3<z<1.8 |

1 3 a1,

The discrepancy at high redshift could be:

“}12 1|:|||:|

L 240142} wm I:L\SJ

1. Due to phot-z uncertainty
2. Increasing AGN contribution
3. Change in temperature/emissivity of dust due to

decreasing metallicity

1{]]'
L 241 +2) um ELILJ

7127
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LIRGs and ULIRGs increase
by x50-100 between 0<z<1

o

Log{ Number Denaity [Mpe™] )

Normal™-._

galaxies

—

~ ULIRGs

5 ‘II*, I

Magnelli et al. 2009
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0.2 0.4

0.6
Redshift

0.8

1.0

1.2
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Even for objects with spec-z, some violate
upper limits or FIR pho‘rome’rry

GN-IRS 2

-------
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1010 = . . K\ —
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- (> ¢ o
-
|
|
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= — = =

Intriguingly, this happens at LIR>3E12 L®
which is the most extreme source in the local Universe

E. Murphy et al. 2009 9/27



Are We Missing the z~2-3 LIRGs ?

| |
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- NOT a 6E11 M z~6.5 galaxy. ]

z=1.7 fit to photometry In this paper ]

i z=1.7 fit to Mobasher photormetry ]
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1 10
Observed A [um]
Chary et al. 2007
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SFR at z<2 is known to x4
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Magnelli et al. 2009
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Different Techniques Give About the Same

Answer: To within x2
Age of the Uﬂiversea (Gyr)

1.3, 4.6 2.5 1 1.1 1.8
""""" L L L L L ! e L ! -
- Spec-z Phot-z 3.3 ym 7
1 b 16, 24 & Submm Redshifted Ha\ —
- 70um, 24 ym Submm?? :
oy - radio -
L 01 / . 7
= \F i [ —1— ; S
o / i
I:I{:l{:|1 ||||||||| I T N B B o T T I I B B B B B I B B
0 1 Z2 5 4 o

Chary-Elbaz 2001 Fedshift )7



Log(Stellar Mass Density in Mg/Mpc3)
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8.9

3.0

7.9

7.0

€]
(@]
T

A Discrepancy between JSFR and Stellar
Mass Density ?

less than x2 discrepancy !
One needs to account for
stellar remnants properly.

Sg\peter \MF

— Hopkins

Le Borgne 7]

redshift

Log(Stellar Mass Density in Mg/Mpc?)

BQ\dry & G\Qzebrook \MF
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(@]
L
\

— Hopkins

Le Borgne n

0
&

0
o

N
o

A

redshift

Requiring an evolving IMF between
0<z<3 is being too hasty.

Le Borgne et al. 2008
A&A in press 13/27



Pushing out to z>2
Ignorance is bliss ?
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Moving on to z>3, besides the UV,
we are just discovering the
utility/reliability of the 3.3um PAH
feature as a SFR indicator.
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0.01 &

£, (1dy)

0.01 E

Can fit SEDs and calculate SF History

10 £

——— A =07 M=4.0x10° M; Age=30 Myr
___________ A =00, M=88x<10° M_.: sge="20 Myr

Observed Wavelength (um)

10

=l

 A~1.0; M=B.4x10° M,_; Age=5 Myr -
EA

Difference is from Ha in
emission ?

UV SFR<10 Mg/yr
Ha SFR~100 Mg/yr

Ha EW~0.2um

Indirect evidence for
Ay~1 mag of dust
within 1 Gyr of the Big
Bang. But jury is out
since no mm detection
(Combes group).

Chary et al. 05
Hu et al. 02
Schaerer ef @k’



Evidence for SN dust at high-z ?
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Conclusions

SFR between 0<z<1.3 is known to within x2, from MIR, FIR and
radio surveys

Strong evolution of LIRGs and ULIRGs by x100. Unclear if this is
bursty or quiescent star-formation.

At z>1.4, phot-z errors, metallicity, AGN contribution might play a
role. Unclear what is happening. GOODS-Herschel will provide clues
among the ULIRGs.

However, MIR spectra indicate AGN are not responsible for bulk of
error. Mostly due to error in PAH equivalent widths — NO local
analogs exist. Errors are mostly at high luminosities which might
overestimate ULIRG contribution.

At z>3, time is ripe for alternate techniques to measure dusty SFR.
Dust formed very early in the Universe — might have different
characteristics at high-z. BUT ALL THIS IS EXPENSIVE !
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A Complete Census of Planets Iin
the Habitable Zone out to 100 pc

Ranga-Ram Chary
Spitzer Science Center

19/27



The detection of the first extrasclar planet to be of either Earth—

size or of Earth—mass and to orkit a main—sequence star

will be achieved by which method?

Radial Velocity
Astrometry
Direct Imaging
Interferometry
Transits
Microlensing
Another Method

Will Net Occur

]
n
[

15 20 25
MNumber of Votes

Will Before 2010

Charbonneau poll astro-ph/0511583,
“10 years of 51 Peg” Conference (2005)

Lal
[}
[&5]
n

The announcement of the detection of exiraterrestrial
life (i.e. life beyond Earth) will cccur in which

of the following intervals?

Has Mot et
Cccurred, But

2010 — 2015

2015 — 2025

2025 — 2030

After 2050,
Or Mever

Has Already

Cecedrred

5 10 15
Number of Votes

[}
o

20 25

Ll
[}
Lo
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Pros and Cons

« Radial Velocity
— Jupiterat 5 AU is 13 m/s
— Earthat 1 AU is 0.09 m/s

— Measures Msin(i). i<45° becomes increasingly
difficult.

— Multiple harmonics if multiple planets

* Transit
— Probability is 2.2E-5. So we cannot be complete.
— S/N of transit decreases for non-edge on systems
— COROT 7b (2Rg4 at ~0.2 AU — needs peer-review)
* Microlensing

— Most successful technique yet, but follow-up
impossible (5.5M at 2.6 AU — Beaulieu 2006)

21/27



Arcsec

Astrometry is hopeless

0.0010[ T — 1
0.0005 -
0.0000 -
—0.0005
F of Planets:8
B Inclination: 20
—0.0010 T T e .
—0.0010 —0.0005 0.0000 0.0005 0.0010

Arcsec
*The Earth only has an effect of 0.3pas
*Below SIM (1-4pas) and GAIA (20uas) capabilities

*Decomposition of individual components is difficult. calet



The Primary Advantage of the IR

13

107°F - - - 3 o 99.9921F
2 : - : :
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Wavelength  [um] Wavelength [um]

* The contrast with the star is maximized

« Although this doesn’t help transit experiments, it provides 3 orders of magnitude
gain (!) for direct imaging.

» Assumes Earth albedo of 0.39, Earth T~300 K

» That’'s why TPF-1 goes out to ~15 um

23/27



Furthermore, a radiance measurement can

reveal climate/habitability
4 GYr ago 2 GYr ago now

iy
L
i

T
Y
O 4

1

Kaltenegger
Traub &
Jucks 24/27

Wavelength



Need to get very faint
~10 nJy at 100 pc

Confu3|on becomes an |ssue

WOO;

10 3

SAFARI

Courtesy of D. Elbaz

UOOW- . . e \ \ Lo FLrruren {1 oo o R rn e o o T N S
1 100 100 200 BOO 400 500 c00 700
This is REAL confusion at

JWST: 1E4s, 5sigma at 15um = 0.9udy 7 beams/src
osigma at 2um = 5ndy

So maybe <10-20pc as IR excess (1part in 1E9) since it wont be able

to physically separate Earth-light from starlight even

at optical/NIR wavelengths

o
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Fraction of EBL resolved through direct detections
with 3.5m aperture down to the confusion limit

)
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Background Light {(nW m™ sr

10 100 1000 -
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So, we need a 10-50um
interferometer

« Baselines of 1km at 10um, 5km at 50um
— Leverage technology off LISA

» Current detector technology with
interferometry and ~1m class telescopes
will allow a complete census out to ~10 pc.

* Reaching 100 pc requires significant effort
expended in small format (10*10), high QE

arrays.

27127



Luminosity [Lsun]

Fconfusiom (mJY)

A Recommendation ?
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A 25-40 microns, 2m telescope would be really nice.

SFR (Mg/yr)
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