IT IS MY GREAT HONOR

To be standing in for -
TIM HECKMAN

Why i1s heghe perfect rapporteur (and so Well—
liked?) -

He’s g'enulnely 1nterested ih everything that’s
gorng on (and hdw they may be ‘connected).
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The Most Exciting Extragalactic.
Science in the Next Deeade - .
Requixés:. - - -

a Large FIR Space Telescope
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Planning Space Missions reminds
Mg-Gf - % e

e Planning was essential before D—Day. (and then
worthless once it started)—Genl. Eisenhower
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.)" Q: Why is the White Hbilge like Heaven?




negative K

corrections
On g Clear Day,You
Can.See... Almost
Forever, since that 1s
where galaxy energy
outputs peak

Malkan and Stecker 2001 model predictions



Needed: Deep IR Field Sur-veys +
Redshlft EstimatéS.
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As mentioned by Martin W
and Mark D, Herschel will
have tremendous
cosmological “reach”: Very
high surface densmes of -
z>2 galaxies will

directly how the their LF
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evolves, evert when Very
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Frayer poster has beautiful L |

70ummaps W1th best ever . (e — .

number COUNts: = } But seriously confused
“Confusion” (8- %‘
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FIR Peak comparable to |
O/NIR peak
—globally, dust must have e I SD93
absorbed almost half of all NN S N
stellar photons: g0 L n\«
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most emission from z<=1 “
versus (green) observations
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You do NOT know the bolometric luminosity of
any galaxy until you get photometry out to
200um, past. 1ts peak |

Mark D: 24um observations don’t
nail down LIR

Rigby poster: “ULIRGS” at z=1+
may be quite different from local «
ULIRGsS, not necessarily .
compact/buned star formatlon

driven by mergers 4

~

Seyfert 1’s have -much hotter dust
(nuclei doninate-at 12--20um),

*but f fert #s can resemble -
(moderately warm) starbursts or
normal disk gala@es . : Cold quiescent disk

AGN gives NO CONTINUUM - ' A o
SIGNATURE Iéfrgward of 60um - N i M e

¥ : : ; g---p SY2/DISK
\ : S : .r'/, G--— . SBN

normalfalast

p1n00110 Malkan, Andreani 2002)




FIR offer limited mqrthl(;gi_cal_‘ info
fuzzy “Baby Pictures” of Gdflaxies:

They are cute,

make great
NASA




Astronomical Discoveries are

g

e IMAGING is great for SURVEYS but

- WE CANNOT DQ WITHOUT
SPECTROSCOPY. (colors and- morphologles

~are not emugh')

.

. °’MOs-t sc1ence comes from’ multiple line.
' RATIOS so widé spectral range (up-to a.’
fagtor of 2) givesinvaluable syn‘agy '

‘s SPICA spectroscopy gains 3 orders of
~ magnitulle over Herschel/PACS |




e ISO-LWS and Spitzer/IRS confirmed our predictions
(SM ’92) of powerful diagnostic emission lines from
10um to 158um (alme)st 1% of bolometrlc oa
luminosity) Lealils

o at/= 3——15’“these are redshlfted to 1()()—4()Oum
. Martln W (Flg 1] in SM92) :* Beautiful full range of o

. T P. /n'cm. dlagnostlc EFS lines, at all redshlfts




Strongest IR Lines give emission diagriostics

Models: quiescent galaxies are PDR-~.
dominated, starbursts produce more
O++, while Seyfert has O I from -
denser gas [MM et al]

More data: [

] [O I163um becomes dommant
in (hotter) ULIRGS‘

Better modelss [ i '
Tommgssia et al 2008 ‘Apl 676 836]
FIR EFS 11n€s sort out ionization level .
(AGN vs starburst) ‘higher iomization
parameter e¢an explaln “[CII] deficit”
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q 2
molecules!

OH Lines in Emission only in the ar

chetwlcal Seyfert 2
galaxy, NGC,1068! - .

Line id.X  Flux (10~ 1°*Wem—2) Notes
Observed  Modeled

34pm < .5 -0.5 (absorptior
418 pm “u 0.12

53pm < 1.2 -0.4 (absorptior
65um < 1.2 0.2
79um 0.80 1.10
84um < 1.2 0.5
Spmogho Mall&n 96um 0.3
Smlth 20(')3 " l  98um < 1.2 0.4
. 2 1154m 004
Y 119um 1.20 1.31

163um 0.74 0.60



Ultraluminous Infrared Galax1es May
be Optlcally tthk even n the mid- IR

Far Infrared Spectra of IR Bright Galaxies

« Some show -'FIR-_
| absorptidn linés‘,
hardly any-
.emission lines,

« But fortunately
~ these shqw strong
OH absorptlon

(Flscher et al 2000,
SO LWS spectra




e Appleton and Boulanger made nie a -
believer; Ogle poster 1s awesome

e Great FlE pmbes for shocks in the turbulent \

" univerSe!

; | ~HOw Wldespread is thlS during the epoch of
galaxy format10n‘7 i
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Many key parameters are not as well
determined as you might think

See Samir poster! o *

Don’t count on having photometrlc redshifts for everythmg
(many filters needed at Tong wavelengths,and don’t forgef-

the DOGs, hot dust in AGN/starbursts kills the I.6um
bump)

e Currently tremendous uncertamty in numbers of Uy

selectéd-galaxies at z=6+

4——5X “correction’* for dust extinetion-(from UV slope)
Extifiction corrections (and reddening “laws”).are very
“rough guestlmates expect lots of cosmic variance

> G

.‘

Star formatlon rates from UV contmuum emlssmn lines,
dust continuum 5

Can we rﬂnoﬂe SFR(Z) W1th Stellar Mass(z)?



e Locally difficult to a,nswer beeause‘ of:

— Extinction (ab’sri'rbs shorter wavelengths) \-

— Reproeesﬁng (orrgrnal continum re- eml.tted by dust
and gas)

o All drffreultres become much worse as z>1
(where most of the action 1s) "

o




e Cannot use strong Far-UV. * "
ISM absorption lines: since
they are totally saturated.
their strength depends

mostly on VQOClty range

e Curve: oﬁ—growth analysis of
Eqalva]ﬁnt Widths in .
Damped Lyoc Absorbers (1n
front of ba.c;kground"_
quasars) «{ these are nor
“calaxies’ % - - ' -

12 + log(O/H)




AGN completely
dominate the
ionization of the
IGM, now and at all .
epochs ( STIS’HJV
.MAMA deep
1mag1ng of 11 z—l 5
starburst galaxies:
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Malkan, Webb & Koncnky
(2003)
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Studying the Fiyét_BI‘écktHoIeé

-
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How to find/ determine eaergy
output of “Obscured” AGN?
e Can’trely on I; -rays for very* Compton-

thick (10> cm™) nuelei (buried Syl’s, most - .
Sy2’s not generally detectable, éxcept‘ maybe .

\

via Fe Ka#keV line, or scatterlng)

«- Even when detected, HX -cannot (in general)
p’redlet the rest of the spectrumi to better than a
factor of 10 (because In some quasars, X -rdys

- are <few% of boldmetric lummos&y)

*“So we’re going to t.hel DOGs [Desai Poster]




e Since they arise 100’°s of parsecs
from the nucleus, but are
photoionized by its high- energy
spectrum, they are good tracers in-
obscured Sefyert 1’s and.Sey 2’s

Mid to Far-IR EE® lines are
produeing equivalent extinction-
1ndependent “BPT” classification
dlag‘fams - > : . Log([NIT]AG583),/(Han8563) " Log([01]A6300)//(HoAB563)

e Petric ULIRG spectra poster shows '
how we are heding to an IR BPT
diagran®;, with*Fell 26um as a
shock diagnostic

-

Log([OIII]A5007) /(HBA486 1)

Normalized numer of galaxies

-2 15 -1 -05 0 05 0 200 400 600 800 1000
Log([SII]A68716 + A8731)/(HaA6563) FWHM(Ha) km/s
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Malkan and
Spinoglio 1989; 1992

Thi

found similar R i by
Luminosity s

Functions for Sy 1%
and Sy 2'in oux 12um
Sample,_ ‘&

scattae =3 1ight.
E 5

Accreting Toru= Modael

&= angla =aas tha ELR

Classifias az 5 1

Clascifias sz =y 72 W

If the difference is
simply obs¢uratioh, -
we stll do not know
where 1t occurs!

cBlpalar cut flow. I rom Canteal Lngins.
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L by ogalactis dApst. . 0 L L. Claseifias. as.-51.1. . .
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Distribwated llarrow Line= Region

BB Malkan et al 1998 ,WFPC__2 imaging survey-






What Spectral ResQI_ll-tiQH will we need?

e R(effective) of 50 (NICMOS Grism). was
useable for surveying strong hnes (malnly
Ho) -

¢ R~ few ’I'Hmdred (WFC3) is a mlmmum for
meaSurmg lines redshifts and ratios

\

B R~1’()()O is gOOd for galaxy-wide propertles
' cluster,s and 1nteract1ngs s > x

K R«'~2000 4000 for dynamlcs 1n51de galax1es -

'




» PAHs are powerful, also 'Sili.caté‘-"(em-is'sion
or absorption, see*Gorjian poster!) and ICE".-
absorption [see Petric poster!], = - 4

‘all 'shif,te_dwto FIR at réionization z°s




Showed R~50 was “good
enough” to find ~100 line
emitting galaxies, mostly Ha
1n the redshlft desert” -

AV

Need to resolve confusion limit
Emission lines solve thlS problem




e See Dasyra poster, using [NeV] and [OIV]
line widths to.guestimate Mbh, since they -
probe th,?. galactlc bulge potentlal

¢ Well know how thlS Works in next’s
years.. :




What Can we Expe_et_ in 2010’%2()20?

e Acronyms Will have gotten COOCy
(Completel-y Out Of Control) -

 We’ll need to add more shocks and turbulence in
. our grad "%urses (even though they’11 eomplarn)

e We 11 search for the first frosted rn1n1 haloes

_—

. ~Offie Thrrd of the most excmng Work wﬂ] still be
gettrng done by GR e e -

-
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