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FTS=Full Spectral Coverage in one go 
@ R~20-60 to 400-1000 depending on mode 
several beams covering 2arcmin FOV 

1000 < R < 5000 
IFU 47x47 sq�l 
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SEE POSTER BY KATRINA EXTER (KUL) 
for much more details on the technical side 



Simultaneous Blue and Red 
Coverage via diachroic 

GeGa Two 
(25 x 16) 
arrays 
Stressed 
and un- 
stressed 
 

5x5 pixels     
1 pixel = 9.4 �z 

FOV 47�zx47�z 

012+!34-#5$6(!78#(9!+,#&-$./#-#$!

:0.5(8-&'!#-!6(;!<=>=?!

Blue (55-98 µm) 
Selectable band 
(3rd and 2nd Order)  

Red (102-210µm) 
1st order   

SLICER 
MIRRORS 

GeGa 
detectors 
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Calibration grey-body 
source (common 
with Photometer) 

Filter wheel 
assembly 
 Chopper (common) 

max 6 arcmin throw 

Lithrow-mounted Grating recieves elliptical 
beam from anomorphic collimator   

8.5 grooves/mm 
2720 grooves 



C)*'>*B>"'D)1(131%463(1,'0,,"=8'
Stressed (R) and unstressed (B)  photoconductors 
cooled to 1.65K in a 5 + 5  linear segments of 16 
form the basic 25 spatial modules with 16 spectral 
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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440s effective  
integration time 
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[NII]    122 !m    
[NII]   205 !m    
[NIII]     57 !m  
[OIII]     52 !m (Detectable with PACS if z>0.1)     
[OIII]     88 !m 

  

[CII]    158 !m     Important cooling line of the neutral gas.    
[OI]       63 !m     Warm neutral gas, shocked regions, PDR  
[OI]   145 !m        "         "         "     "           "         "  
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From J. D. Smith 
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Herschel and Water 
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PACS 
 
 

HIFI 
 

Some examples of near- 
ground-state transitions of 
OH can be potentially detected 
by Herschel.  
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See http://www.strw.leidenuniv.nl/WISH 
 



Nisini, Liseau, Tafalla, 
 Benedettini et al. 

3�  ̀

Water traces �bhot spots �  ̀where shocks dump energy into cloud 

L1157-mm outflow 
D = 440 pc, Lbol = 11 Lo 

Slide 
E. van Dishoeck 



L1157 mm 

Spitzer IRAC Herschel PACS 

H2O  

179 µm 

104 AU 

- Strong water emission from the embedded protostar 

Water traces interaction more directly than Spitzer 

Looney et al. 2008 



Comparison with other gas main coolants 

Bachiller et al. 2001 

CO 2-1 H2 0-0 S(1) 17µm 

Neufeld et al. 2009 

- Correlation between H 2O and H2 warm gas at T ~ 300 K  

- All coolants observed !  can determine total energy budget 



Shock enhanced molecular abundances   

B2 

B1 

B0 

R0 

R 

R2 
H2O H2O 

CH3OH SiO 
NH3 

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  

!  H2O, SiO and NH 3 trace the regions at higher density 

!  Only H 2O traces all the hot spots 

PŽrez-GutiŽrrez 1997 
Bachiller et al. 2001 
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Appleton Davies % Stephenson 1981 

                         M82 
 
 
 
 
 
 
                                M81 
 
 
NGC3077 
 
 
 
 
                                                                       NGC2976     

C@Q'!0;S'+0EQ:'
L+'!aG'

HST H-alpha 
filaments 

Neutral Hydrogen 
VLA/GBT 
(Min Yun et al.) 

Chandra X-rays 

X-ray to IR 
Chandra/HST/Spitzer 

T. Muxlow 
Jodrell Bank 

RADIO SUPERNOVA 
AND REMNANTS expanding 
into low-density medium 

ULX population show mHz 
X-ray variations suggesting 
IBH masses (12-43 x 103M" 
Feng et al. 2010 
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Neutral Hydrogen 
VLA/GBT 
(Min Yun et al.) 
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Cortusi et al. (2010) 
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[OI]/[CII] 
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Work presented here: 
Pedro Beirao, Kevin Croxall,  J. D. Smith, L. Armus & P.  
Appleton on behalf of the KINGFISH team  
 

Image Credit : M101- K. Gordon 



[.;>+.:@':#*3(,1831#='

"  Metal abundance scale: breaking the impasse: 
Herschel provides access to the [OIII]88µm line which arises with 
the optical 5007/4959• line. Will provide new diagnostic of oxygen 
abundances spatially.  

"  Complete View of ISM COOLING: Targeting key 
cooling lines ([OI]63µm, [CII]158µm) and cool dust continuum on 
50-300 pc scales  

"  Star Formation Full Accounting : ISM Feedback, 
Schmidt/Kennicutt law, [CII] + [OI]/ LIR over a wide range of IR 
luminosity on scale of giant HII regions and clusters, [NII]
122/205µm, and [OIII]88µm nebular lines in obscured regions 
([NII] provides probe of low densities < 102 cm-2) 
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Dusty star-forming ring 
fed by gas in dust-lanes?? 

AGN 

HST (gri) 
Credit: NASA/STScI/WikiSky 

PEDRO BEIRAO, LEE ARMUS, PHIL APPLETON 
and the KINGFISH TEAM 



[CII]158 : nucleus and 
extranuclear regions! enuc2!

nucleus!

enuc 1!

overlaid on 24 um MIPS 
5 kpc 

3�z/pix!

kE..l
WPaµ2'
.2"&*8'

Beirao et al. 2010, 2011 



Maps & spectra of the central region!

[OI]63 um [OIII]88 um [CII]158 um 

[NII]122 um [NII]205 um 
1 kpc!

3.0 

1.5 

0.0 

0.6 

0.0 0 

9 

2.0 

0.0 0.00 

0.15 
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THANKS TO POSTDOC PEDRO BEIRAO FOR THE MOVIE 



The old fashioned way!
Velocity field [OI]!
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[OI]/[CII]!
   n<103 cm-3: 

[OI]/[CII] traces 
mainly radiation 
field intensity!

   [OI]/[CII] ~ 0.4!

   suggesting high!

  UV radiation field 
Go~200!

  -Not surprising!

    in SB ring!

[OI]/[CII]~0.4!
G0~200 (Kaufman et al.1999)!

DUST 
LANES 
FEED 
RING? 

What is the influence of infalling gas from the bar?  



I1,g'$%'#,1&,*88Z312#",$81%'A$()'!15*365",'
@=4,1&*%'!"#8'41%*'A$()':#$(_*,'`D11,-2"%8'.+Fb'

28µm 0-0S(0) 17µm 0-0S(1) 

12µm 0-0S(2) 
Strong molecular hydrogen is detected in the ring 
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.  



@*,83)*5'Q2$88$1%'3"%')*5#'<,*"g'
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8)13g8''
[OI]/H2 ratio sensitive to J-shocks 
Release of Oxygen can enhance 
H2O formation also.  
H2O can be very strong in J-shocks 
as can Ly-alpha from H2 dissociation  

CO ladder can provide 
information about warm H2 component 
J-shocks tend to heat the gas to higher 
temperatures and populate the high-J levels  



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

This could be 
interpreted as 
J-shock heated 
gas north of the 
ring. However, 
this is very much 
work in progress.  
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Following slide from 

Kevin Croxall , J. D. Smith, P. Appleton, L. Armus, P. Beirao 
for the KINGFISH team 
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R/8µmIRAC/100µmPACS 

Continuum 

[CII]158 

[CII]158µm 

PINK=CN 
BLUE=WS 

[OI]63µm 

PINK=CN 
BLUE=WS 

[OIII]88µm 

PINK=CN 
BLUE=WS 

[NII]121µm 

PINK=CN 
BLUE=WS 
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Are we seeing 
the transition from 
ionized [CII] close to 
HII regions  
and  [CII] from diffuse  
neutral medium? 
 
THE KINGFISH  
PROJECT WILL 
PROVIDE A HUGE 
DATABASE OF SUCH  
SYSTEMS SPANNING 
A WIDE RANGE OF  
CONDITIONS  

Modified from a plot 
created by J. D. Smith 
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08(,1#)=8$38'..'

SPIRE PACS 

High J CO - the new toy 

PDR model (Schleicher +2010) 
for strong starburst: Lack of hot gas 
caused intensity to fall at high J 
 
 

XDR of increasing 
intensity 
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NGC1068 CO (18-17) 
vs. CO (1-0) 

HST + Chandra 

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

VQ/S':C/L;>'EL`Wa-WYb'
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QO':(6,2'
E)"55*%&*8'$%'./'Q?(,"&"5"3J3'
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CO';$g15"'`pQF:\E:Lb'

Hailey-Dunsheath + 
in prep. 
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CO';$g15"'`pQF:\E:Lb'

Hailey-Dunsheath + 
in prep. 
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Hailey-Dunsheath + 
in prep. 

@AB!CDAEF+!+EEC!*D!GE!
HEEAEA!*D!E@0F13H!*"E!
"3I"!E@23*1*3DH!J!F3HE+!

KK+"D2L+!2DMFA!1F+D!AD!*"3+!
GM*!*"E!@KB1N!3H*EH+3*3E+!HEEAEA!
1BE!2DC0FE*EFN!2DH+3+*EH*!O3*"!
LHDOH!@KB1N!A1*1!P.$!HI2!>=QR!



OUTFLOWS and MOLECULES 
 
Using the central pixel of the IFU! 
  
 
 
 



NGC 4418- A heavily Obscured ULIRG 

Spitzer IRS spectra by  
Henrick Spoon et al. 

IRS Spectrum shows extremely  
strong Silicates & Frozen Water Ice 
+ Crystalline Silicates and  
High-density molecuar features  
(acetlyne and HCN) 



@*,83)*5'+$,8('/*865(8':=2#18$62]'Q:70U'
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Molecules are strong in NGC 4418 

[O I] 
NH3 

Hailey-Dunsheath+   

in prep. 

 

Possible P-Cygni 

profile in [OI] 

Strong water lines 

Likely IR pumped 

 

 



NextÑMk 231 
 
Most luminous ULIRG 
in local universe 
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[OH] 

Estimate outflow mass of 7x107 M! 

outflow velocities of -1400 km/s 
Mechanical energy !  1056 ergs 
Outflow may indicate clearing 
of molecular cocoon 
 

012+!+0E2*1!+"DO+!ES3AEH2E!7DB!+0E2*12MF1B!
DM*7FDO+!84!D"!649!/6TU#!6(%.!84!%./#!"<D!(84#%V!

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

 
Unusually high ratio 18O/16O in outflow > 10 
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 provides a 47 �z x 47�z  
    (5 x 5 spaxel) view of the Far-IR universe 
     from L2 from 50-200 µm 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 
 
      
 
      
      
 



The Future Looks Exciting! 

We are learning at lot 
from Herschel already 
in JUST  1.5 year!! 
 
 

kE..l'9,12'!"$15$%1'*('"5O'GXXP]'
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LIKE z = 6.42 QSO 
J1148+5251 
DETECTED  
IN [CII] and CO (6-5)!  



This work will be absolutely complementary 
to the discovery potential of JWST which 
will clearly make major inroads into 
understanding the �lFirst LIGHT �z of the 
universe.  
 
Herschel PACS provides the tentative first 
steps towards a more complete 
understanding of the �lDark Side �z of that 
FIRST LIGHT by providing a foundation for  
a physical understanding the cooling-side 
of the heating and cooling equation and 
and understanding of the importance of 
chemistry in interpretation of high-z objects  
 



HerCULES 
Herschel Comprehensive 
ULIRGS Emission Survey 

+0E2*12MF1B!BE+MF+*!7BDC!+03BE!*DDVV!
I.4W6(#WK1(P.4%.!#-!6(;!:<=>=?!649!S64!9#$!O#$P!#-!6(;!:<=>=?!

High level CO transitions need additional heat  
source 
 
PDRs cannot explain shape of profile 
without overpredicting the FIR flux. 
 
XDR from AGN is good explaination  
 
Very powerful H20+ and OH+ detected 
 1/3 strength CO 
 
 


