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The PACS ICC + Albrecht Poglitsch, Eckhard Sturm, Alessandra
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KINGFISH Team esp. R. Kennicutt Pl, P. Beirao, K. Croxall, J. D.
Smith, L. Armus, D. Dale, E. Murphy
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Herschel's Three Spectrometers

Frequency 7{?6*:)

3000 1500 1000 600 500 450
/'6#' (1 HIFI
WH" &5! 5| 4 | 3 | Bond2 Bond 1 ]
- $%&5*" ; l | | l | ]
<*"2' l SSVI l ! SL\V
- I 1
— FTS=Full Spectral Coverage in one go
1000 7{< 5000 @ R~20-60 to 400-1000 depending on mode
IFU 47X47 sq | \veral beams covering 2arcmin FOV
I"“ \\_“
33K black body
Overlap region (194 - 210 pym) A ———
100 200 300 400 S00 600

Wovelength (um)
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SEE POSTER BY KATRINA EXTER (KUL)
for much more details on the technical side



PACS Integral Field Spectrometer
(Poglitch et al. 2010)

FOV 47 x47 1

5x5 pixels
1 pixel =

Simultaneous Blue and Red
Coverage via diachroic

F A

" Blue (55-98 pm)
Selectable band
e A%(39 and 2"9 Order)

\ GeGa
detectors

—.— Red (102 210pm)

1st order
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Calibration grey-body
source (common
with Photometer)

Lithrow-mounted Grating recieves elliptical
beam from anomorphic collimator

Filter wheel
assembly

Chopper (common)
max 6 arcmin throw
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| - Stressed (R) and unstressed (B) photoconductors
'/ ~ - cooledto 1.65K ina5+5 linear segments of 16

i _____ form the basic 25 spatial modules with 16 spectral
g\ pixels.

-

The photoconductors are
read-out at 256Hz via
cold amplifier/multiplexer
(CRE) CMOS circuit held
at 3-5K.

A complete assembled
Ge:Ga detector assembly.

Data is read out in 32 samples
and slopes are fitted onboard

to produce samples of 1/8s

each for storage and transmission
to the ground.
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Spectrometer effective spectral resolution . M
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Focal plane geometry

« Spacecraft - instrument alignment

« Offsets PACS boresight - central pixel at 3
chopper throws

« PACS chop -
spacecraft nod
Matching

« Based on rasters
Continuum / line




Rotation of on-field in nod
positions

* Chopper throw is ‘curved’ on the sky -
nodA/nodB on-source footprint are rotated

« Effect smaller with small chopping angle -
prefer small over large chop throw in AORs




DOE:'D/Q:Q;C!
IC@Q'TQOC@'L+'0'D@LLL;




LIQ'[QS'+./'7.;Q:"
L<8* K"<5*A%$()' @*,83)*5"
158 um Important cooling line of the neutral gas.

63 um Warm neutral gas, shocked regions, PDR
145 pum i y .- . .

122 Pm LO*,'$2#1,("%('+$%*":(,63(6,*'5$%*8" <6(',",*5="412$%"%('3115'¢
205 pm

S/ Mm

52 Jm (Detectable with PACS if z>0.1)
88 um
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See http://www.strw.leidenuniv.nl/WISH




Herschel-PACS image of water in proto-stellar systems

L1157-mm outflow

H,O D=440pc, L, =111,

179 um

vvvvvvv T - —

[ L1187-mm M0 179 um .

_ ; ,/\ ;
eLﬁS? mm | \

.

-1000 - ST T
10* AU Vel (km/3)
Nisini, Liseau, Tafalla,

Slide | Benedettini et al.
E. van Dishoeck

i 1
: f
:;WV\-—J

A 4 A ;“T A &

Water traces Mot spots ~where shocks dump energy into cloud




Spitzer IRAC Herschel PACS

L1157-mm H,0 179 um

W 1157 mm

-500 0 500
Vel (km/s)

Looney et al. 2008

Strong water emission from the embedded protostar



Comparison with other gas main coolants
CO 2-1 H,0-0 S(1) 17pum

100 100

DEC Offset (arcsec)
DEC Offset (arcsec)

—-100 —-100

50 0 -50 50 0 -50
RA Offset (arcsec) RA Offset (arcsec)

Correlation between H ,0 and H, warm gas at T ~ 300 K

- All coolants observed ! can determine total energy budget



CH.OH @ | SiO T et

() B NH3 // \\
3 o y
5 5 e
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7 0 & Q i3
] S U W,
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. TR 0c
0 .: & - i Aa (arcsec)
DA olfact larcssd) PZrez-GutiZrrez 1997

hill L
Water and other molecule abundances increase in Shocks due to desorption
from grain mantles and shock induced chemical reactions
- relative intensities between peaks change with tracer
- H,0O, SiO and NH 4 trace the regions at higher density

- Only H,0 traces all the hot spots
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" HST H-alphz
filaments

V.

X-rayto IR
Chandra/HST/Spitzer

|
| B

ULX population show mHz
X-ray variations suggesting

- IBH masses (12-43 x 103M
Feng et al. 2010

Ch dra X_rays T. Muxlow

Jodrell Bank [« ]

RADIO SUPERNOVA
AND REMNANTS expandin
into low-density medium
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Neutral Hydrogen
VLA/GBT
(Min Yun et al.)
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« PACS pixels (9.4”x9.4") are undersampling
the beam  ©OFWHM = 5" (8.5, 12.7) at 70 (120, 180)

S

[C 1) 158um

um .

« With raster maps, M82
offset by fraction
of pixel, you can
recover the full
spatial
information

[O ]} 88uym

.

-

[O W/[C N
© ESA & the PACS Consortium



Homogeneous coverage extended
objects - recommended steps

5x5 raster BLUE 3x3 raster RED
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Cortu3| et al. (2010)




73%*'["J1""#8

Nl M 3Ll¢hl| (&

\[OI]/[CII]

" -

Mn‘ VALY |\ o) 0u) r.h) orginal run

/
<
(

2,901 00000
o M‘ o w"
® 2000

NE2 PACE (G 88 2._1 63] | orig. rem ) | 20000

[OHI)/[O1 63]

'n") PACS ‘Ol14b]/1Ci62) ml o erighne! wtouUc- © 4000

s U= [om]/[cu] : - !llmlumoml

- l -
o 190000
ot A" (g u‘ ("
‘0000




V*513$(="+$*548H'

MA2 PACH [GI6Y] redial velocily am /s NAZ PACE (Ol 521 redial veleefly km /s

i ' /|
s [OI] @ 88 pm

™ o o o u"™ o’ w™ o «f
e ]

Radial velocity

NAZ PACS if‘.i 48] radinl welooity km/p 190 000 NAZ PACE [C1] relial veloelty km /s
~ 2 v : v v v - -4 - . -~

L

oN@ 145um ,.O [Cil@ 158 i §

. g
on® 2™ o' ™ w0t .7 =" 2e™ ot ™ oo o

® 1ons )




V*513%(="T$8#*,8%1%'"#8'

\H\. o e & Tluan LAl T ne\ ol o 58 mo rm] FYeN ;™3 90

o1 3 pin i [0 @ 88 um
o o .

g - o ™ o o
®aome 2200

Intnnsnc Velocuty dlsper5|on

b1"]" O 155 ¢ i beren ] PN o3 coc hq"[t‘ clf‘n beren ] PYsY a0 coc

[o 45 um [CEQ i"‘ pum

OI‘ a' o'
u-oo




Image C'redit'-Mlo-l'—K ‘Gorflon  © >

['1>+ @ #*3(;1831#_1
- /1< [*%%$361 ("*50

. .
.
" -
\'
‘
’ -
.
- .
: -
»
»
»
-
- »
... L
.
» »




_a i
mComplete View of ISM COOLING: Targeting key

cooling lines ([Ol]63im, [CII]158um) and cool dust continuum o
50-300 pc scales

mStar Formation Full Accounting : ISM Feedback,
Schmidt/Kennicutt law, [CII] + [Ol]/ LIR over a wide range of IR
luminosity on scale of giant HIl regions and clusters, [NIl]
122/20%m, and [Ol11]881m nebular lines in obscured regions
(INII] provides probe of low densities <46nT2)

=Metal abundance scale: breaking the impasse:

Herschel provides access to the [OlI®8 line which arises with
the optical 5007/4959¢ line. WiIll provide new diagnostic of oxy(
abundances spatially.
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PEDRO BEIRAO LEE ARI\/IUS PHIL APPLETON
ahd the KINGEISH TEAM

e 2. :. HST (gri)

S ‘ 3 Credit: NASA/STScl/WikiSky
.. 4 Dusty star-forming ring
- fed by gas in dust-lanes??




[CII]158 : nucléus and
extranuclear regions
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11,9'$%#,1&,*88Z312#" $81%'A$()'115*365",
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- 28Um 0-05(0) | 17um 0-0S(1) s I

20" - 20

. ’)}

9-7.30

-30° 16' 40" -30° 16' 40" -

| | I 29 1 1 L
02" 46™ 20° 19° 18° 02" 46™ 20° 19° 185
Right Ascension log F(H2 S(0)) Right Ascension log F(H2 S(1))

which seems coolest in the west and warmest in

the N-E. We are in the process of investigating both
PDR and shock excitation for H2 in the ring. In the
maps most sensitive to cool H2, slow shocks from  -=
infalling gas may be responsible.

l'2urp’ 0-05(2) | I Strong molecular hydrogen is detected in the ring

y 3
| “
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MHD Shocks: OI/H,S(1) Line Flux Ratio

Preshock density: n,=10%m"*
Preshock magnetic field: Byw 100uG

10 15 20
Shock Velocity [km s7']

CO ting intergities (W m 7]




In the NGC 1097 Ring the [OI]/H2
map shows strong enhancement in
the north.

E 2 N3 I B~ This could be
= | B~ interpreted as
- J-shock heated

gas north of the

| | ring. However,

—www v . thisis very much
Work In progress.
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Following slide from

Kevin Croxall |, J.D. Smith, P. Appleton, L. Armus, P. Beirac
for the KINGFISH team
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Continuum
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intensity
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PDR model (Schleicher 4 _
for strong starburst: Lack|pf hot gas
caused intensity to fall at|high J
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rotational CO transition




NGC1068 CO (18-17)
vs. CO (1-0)

R
s\&'.‘f‘ ‘

) WS

CO(1-0): IRAM PdBI (Schinnerer +
2003)

Q0":(6,2"%4"
3155"<1,"(1,8

HST + Chandra
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Hailey-Dunsheath +
in prep.
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in prep.
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NEEDED TO EXPLAIN THE Gaog WNXXT
HIGH EXCITATION J LINES '@ H'cWBRY .
--SHOCKS COULD ALSO DO THIS !
BUT THE X-RAY INTENSITIES NEEDED +'CPW™ &'832-C
# | ARE COMPLETELY CONSISTENT WITH
KNOWN X-RAY DATA for NGC 1068
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. OUTFLOWSsand MOLECULES

Using th pxel of the IFU!

/



NGC 4418- A heavily Obscured ULIRG

IRS Spectrum shows extremely
strong Silicates & Frozen Water Ice
+ Crystalline Silicates and

Spitzer IRS spectraby  High-density molecuar features
Henrick Spoon et al. (acetlyne and HCN)
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NextNMk 231

Most luminous ULIRG
INn local universe




J. Fischer et al. (2010) and SHINING TEAM

~O &
9.9

|
1.1
!
|
.

1 F

Estimate outflow mass of 7x10Mg Unusually high ratio 180/¢0O in outflow > 10

outflow velocities of -1400 km/s
Mechanical energy! 10°% ergs

time solar (after correction CH* contamination)
This could be due to a top-heavy IMF?
(Fischer et al 2010).




THE PACS SPECTROMETER
IS WORKING AT L2

¥ The PACS IFU providesa 47 zx 47 z
(5 x 5 spaxel) view of the Far-IR universe
from L2 from 50-200 pum with
1000 < R <4000. Can map areas quickly.

¥ Provides new insight into main coolants
of the neutral and molecular line universe
In the Galaxy and the low-z universe. In
particular PACS Is providing new view of

molecular hydrogen and water chemistry
In the universe
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This Wqﬂ?‘ ‘abSolutelysedbmplementary
to the dls' potentlal of JWST which

e major mroads INto

ding the " IFirst LIGHT. zof the

ve first
steps towards a mere cj’mplete
understandir '-.i_}‘the IDark Side zof that
by -prowdlng a foundation for

i‘ 3

,m standlng the coollng -side

‘and un' erstandlng .of the importance of
chemistry in interpretation of high-z objects

.



SPECTACULAR RESULST FROM SPIRE TOO!!

Gonzalez-Alfonso et al. (2010) and Van der Werf et al. (2010)

HerCULES
Herschel Comprehensive
ULIRGS Emission Survey

Vi dow Wl on . g of ACHC sl snatvurw o Wik 31

PDR2: Jog(n) =5.0, bg(G,) =35
PDR1: bog(n) 3.5, ) 3 20
XDR : log(n) 2

" High level CO transitions need additional heat
source

PDRs cannotiexplain shape of profile
without overpredicting the FIR flux.

XDR from AGN is good explaination

Very powerful H20+ and OH+ detected
1/3 strength CO



