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Goal: give a flavor of
Herschel spectroscopic
capabilities and the kind of
spectroscopic data that can
be found in the archive
Focus on recent results
(mostly 2012-13)

Will cover a wide range of
interstellar environments,
from diffuse to dense galactic
clouds, to ISM in nearby
galaxies

Spectral line surveys

Water in cold environments
spectroscopy
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Orion KL Full Band Analysis
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* One million independent data channels
* Over 60 species, including isotopologues, modeled

by a team of ~20 people CHoCN -=== CH;0CHO
* From residual fit: ~2500 U-lines out of 20,000 —— Shombe n s oees il
(~10%)
—— S0, === 0CS

N. Crockett




Orion KL Organics
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Detection of HD'8O in Orion

Six HD'8O lines detected
with aV ¢ ~ 6.5 km/s

(does not exactly match
the hot core velocity)

Implies either very high
D/H ratio or very high
H,O column density in

some component

Need accurate source size
to model the emission

ALMA SV data provide
spatially resolved images!
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HDO with
ALMA

st stiets 144 142 14%0 19 os"35™ 1408 194 W2 140 178

e Multiple spatial components

® Bright HDO emission in a small
clump (2" in size) at ~7 km/s

e Agrees with HD'80O velocities

® Analysis of water lines also
o148 194 182 140 178 144 142 @0 138 a3 X ~ 3 &
12005 i A 12200 g Ao consistent with emission from this
small clump

e Additional components also
contribute

e Revised X(H,0)~6.5 104 HDO/
H,O~0.003

(8 worisen,/ir)
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Conturs 230 GHz continuum .
Color HDO j . Neill
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Water

* Abundance enhanced in warm gas—
outflows

b
o

e Derived hot core water abundances often
lower than the canonical value of 104
(modeling deficiency?)
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* Ortho-para ratio generally consistent with
the high-temperature value of 3, but with
some exceptions (e.g., Galactic Center)

* Spectacular detections of gas-phase water
in disks and a prestellar core in very long
HIFl integrations

R.A. Offset (arcmin)

GHz 2 - D e e G. Melnick, V. Tolls

Log, Int. Intensity (K-km s77)
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Water in Disks

TW Hya
* Lines of ortho and para water
detected for the first time with
Herschel/HIFl in TW Hydrae
* |0 min years old T Tauri star, 0.6
N — Me at 54 pc
- * Several thousand oceans worth of

T ater ice, , at IOO—ZOO AU from the S
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Water in Disks

* New detection in HD 100546
(plus several upper limits)

HD 100546

* Water-covered planets like Earth
may be common

M. Hogerheijde
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Water in Prestellar Cores

L1544, 13.6 hours

* Inverse P-Cygni profile indicative
of infall

* Water has to be present in the
central few 1000 AUs

e Water abundance (>10-)
maintained by FUV photons

locally produced by interaction of
CRs with H,

* FUV photons then irradiate icy
mantles and release water
molecules into the gas phase

* Complex interplay between gas

and solids
« H,OPR>|

* The simple “onion” structure of
prestellar cores has to be
P. Caselli carefully re-evaluated (ALMA)
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PACS Orion Bar

Cooling and PDR Chemistry
Strong [Ol], [CII] + high-] CO + excited OH, CH*, H,O...
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OH in Orion Bar

OH *Myp J=9/2-7/2 OH *I, jp="Tly/p I=1/2-3/2 OH *m,/p I=3/2-1/2
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* Five rotational A—doublets up to 510 K

e Emission extended, correlates with
high-] CO and CH", but not H,0O

e Warm (160-220 K), dense (1087 cm-3)
gas; unresolved clumps exposed to
FUV radiation (O + vib H,)

J. Goicoechea
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PACS/SPIRE Sgr A*
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Separate emission from the
central cavity and the CND

F, (Jy/spaxel)

X-rays or CRs do not play a
dominant role in the energetics
of the hot molecular gas

(o)
o
o

Shocks or the related
supersonic turbulence
dissipation and magnetic viscous

J. Goicoechea heating dominate
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alactic Longitide

Absorpti_qn Spectroscopy
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First FIR DIB Analog!?

Sagittarius B2(M)
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ERaws H.Cl* and HCI*

i Bl ©  Chlorine chemistry in diffuse clouds is simple:
Cl*+H, - HCI*+H HCI*+H,—H,CI"+H
H,Cl*+e—-HCI|+H (10%)

— Cl+products (90%)
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Flux / Continuum Flux

1446 1445 1444 1443 A +
Frequency (GH2) e Dense clouds: proton transfer from H;* to Cl

o SR Veloclty Qi) can also initiate formation of Cl-bearing
molecules

« H,CI* detected early on by HIFI, but HCI* has

been a long struggle (needed precise lab
frequencies—H. Gupta)

e HCI*/H,CI*/HCI ~ |

* The two ions ions overabundant by a factor of a
few compared to chemical model predictions

Flux / Continuum Flux
o o o o o
w N (@ o] O

e
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R R R Y © ISM chlorine chemistry still a mystery
Frequency (GHz)

M. De Luca

« H,CI" and HC] accessible from the ground
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SPIRE-FTS/PACS
Sagittarius B2
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e Strong CO line emission (J=4 to 16)

e Extended warm component (50-100
K), hotter component toward N/M,
heated by UV and shocks (dust only
20-30 K)

e High-density tracers (HCN, HCO"...)
@l » Absorption lines of light hydrides
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e e Uniform luminosity ratio, CO/
S B2 Sor B2 FIR~(1-3) 104, across the extended
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Hot g Hot

i i ‘ envelope; same heating mechanism
| on all scales
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HIF| Sagittarius B2(N)

| |

HEB bands dominated by absorption lines—water isotopologues, low-energy
ammonia lines, C;, C*...
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Metastable H,O" in Sgr B2(N)
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Formation Pumping

Sgr B2(N) Observations
e Cosmic/X-ray + H, = H;*
(widespread in the Galactic Center
region)
FE A QN O] M
OH*+H, =& H,O"+H
H,O*+H, > HO*+ H + .69 eV
 Also
H,* + H,O - H,;O* + H, + 2.8] eV
W31C Observations e Collisional relaxation time has to be

long compared to recombination/
reformation of H;O" molecules to
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maintain the population
| * Can the hot ammonia also be
. [] explained by formation pumping?
N Tet= 008 J- Black (More stable, long lived—more time to

relax through collisions?)
500 1000 1500

Lower Level Energy (K
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PACS NGC4418
and Arp 220
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61.5 . 63.2 634 636

e Nuclear regions have high water abundances ~10-

 Chemistry typical of evolved hot cores, where
grain mantle evaporation has occurred
75.6 78.6 78.8 79

TR < OH/H,0~0.5 indicates effects of X-rays or CRs

e H;O" rotational temperature ~500K in Arp 220,
similar to Sagittarius B2

e Lines arise in a relatively low density (~10* cm-3)
interclump medium with a very high ionization
rate (>10-'3 s7!)
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E. Gonzalez-Alfonso
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ALMA will carry out
(c) similar studies in

1100 1200 1300 1400 1500 high-redshift
View [GHZ universe

N. Rangwala
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Lesson |— Spectral Scans

® Main goal of the GT teams was to characterize the far-infrared
spectrum and identify the lines

® This has been done--reduced and calibrated data either already
publicly available or will be soon

® A range of sources from low-mass to high-mass starforming regions
observed--comparative studies

¢ |f you have supporting ground-based data (interferometry), you can
do a much better job at modeling HIF| spectral scan data

e All HIFI spectra are 2x4 GHz-wide spectral scans; the “bonus lines”
have largely not been analyzed at all
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Lesson 2 — Modeling

® For many species with complex non-LTE excitation (e.g., water), the
abundances are very model dependent

e To interpret observations of warm water, need realistic 3-d models of
the source structure, including, e.g., outflow cavities

® If you have access to state- of—the art radlatlve transfer models there
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