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Spectroscopy with PACS

477x47” (5x5 pixels) FOV rearranged via an image slicer on two
16x25 detector arrays
Simultaneous 55-98 & 102-210 wm spectroscopy
Performance:
A/dA = 1500
Sensitivity: 3 - 20 x 1018 W/m2 (50, 1h)
This program: Deep integrations 5 - 10 h (A. Poglitsch's talk)
Explore the limits of the PACS spectrometer
Sensitivity and at high-z



Motivation

Probe the ISM of IR
galaxies around the
peak SF and QSO

activity in the Universe
Hopkins & Beacom (2006)

While Luminous Infrared Galaxies become more
important population at high-z, they are not necessarily
the same beasts - the high luminosity of IR galaxies at
high-z is not necessarily due to major-mergers as at z=0

(Genzel et al. 2010, Tacconi et al. 2010)
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Le Floc'h+ (2006), also Magnelli+ 09



PACS Spectroscopy: z = 2 - 4

Valiante et al. 2007

Spinoglio et al. 09

Coppin et al. 2010

Diagnostic lines that were well studied by ISO-SWS and
Spitzer IRS in z=0 galaxies fall in the PACS range at high-z

PACS observations at z=2-to-4 are complementary to
Spitzer's results in galaxies at these redshifts



PACS Spectroscopy: z = 2 - 4
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IRAS F10214+4724

FSC 10214+4724

Well studied lensed z=2.29 HLIRG
Coeval star formation & AGN
Differential magnification AGN/Host = 3

Lensing

galaxy \ﬁ;ﬁl

* Seyferts

(=)

Keck: Graham & Liu 95

e Star-formin
Raw, flat-fielded Keck K-band image NICMOS: Evans +99 g

LFIR‘

80% Starburst OO 0

IR Line Database

Gracia-Carpio in prep.



IRAS F10214+4724

o [OIII]51.8um tentatively
detected at z=2.29!!

e simultaneously observed
in Ist order with 2nd
order [OIV]26pum obs

* more later...



PACS Spectroscopy: z = 1

e [O163um, [O111]52, 88 um

e  Comparative to low z sample, spanning AGN,

Fischer et al. 02 starbursts, low-Z, ULIRG:...
Name 2 Type LFIR
MIPS J1428 1.33 SB 2.8
Abell 0370_01 0.72 Arc/SB 0.9
SMM J02399 1.06 Sey/LoBAL 1.8
SDSSJ1772 0.74 Sey?2 1.3
ELAISCJ]1640 1.10 QSO 2.6

[OI11]52/[OI11]88

Good density
diagnostic for HII
regions with

ng > 102 cm?

|| Abel et al. 05
pinoglio et al. 09

wn

M82
Colbert+ 99




MIPS J142824.0+352619

* A hyperluminous "Monster": Extreme
Starburst at z=1.325 selected from Bootes
(Borys et al. 06, Desai et al. 06)

*no AGN signatures

* Lensed by foreground z=1 elliptical - p<8
(Borys+ '06) & confirmed by CO

¢ L(FIR)=2.8 + 0.7x10"3Lsol (lensed)

* Bright CO (3-2) & CO (2-1) detections
(NRO, Iono+ '06b) M(H2) - 101! Mg,

Borys et al. 06 Swinbank et al. 06

NH;?
cf Arp 220, Gonzalez-Alfonso+ 08



MIPSJ1428 SED

Inconsistent with MIPS 160um data on this

PACS continuum measurements ) )
source but consistent measurements in PACS

add further constraints SED spectrometer and bolometer

Revise Ly 2.8 x 1012 Lg to 1.3 x 101% L



Deficient FIR FSLs at high-z/high-L?

Sturm et al. 10
\ * Seyferts

\ e Star-forming

MIPS J1428

No deficit
for MJ1428

MIPS J1428

¢, . O
Gracid Carpio

et al. in prep

OI1II deficit
for F10214




PDR diagnostic diagram

* Seyferts
From ISO data
Red new points from e Star-forming
SHINING data e SHINING

Crosses - ULIRGs

First time we can
combine [CII] and
[O]] in a single
diagnostic diagram
and use PDR
modelling to
understand the ISM
of a galaxy residing in

the peak of the SFRD

MIPS J1428 is not like
local ULIRGS or

Seyferts.
More akin to star-forming
galaxies.

Gas Cooling
Total Heating

Mrk 231 J. Fischer's talk



Herschel is heralding a new era in FIR

spectroscopy - PACS high-z spec. feasible

First detections of [OI]63.2pm and
[OI11]51.8 pm high-z

First time we can combine Ol and CII and
use PDR modelling to understand the
physics of the ISM of galaxies at the epoch of

peak star-formation activity

Not all (U/H)LIRGs are deficient in FIR fine
structure lines - MIPS] 1428

F10214 undetected in [OIV] & [SIII] low
OIIl/FIR

Complementarity & implications for

observations of high-z galaxies with ALMA

Much more to come!

Sturm et al. 10, E. Sturm's talk tomorrow



