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Scope of this talk

| have modeled the atmosphere in the FIR using a program |
wrote at NASA-Ames — ATRAN.

e ATRAN is about one of 4 such programs available
e For a comparison see Guan, X, Stutzki, J et al 2012

 They do differ by several percent, but this is not relevant for
the purposes of this talk.
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The regime: 20,000’ to 95,000
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St

Scope (Continued)

| will show models (that | have used) for astronomical
investigations, and apply them at various altitudes. | only
consider emission below: (c/o E. Young)

Relevant to BLIP NEP of detectors

Transmussuon

S I‘ - ‘
oo 127K
é’ SOFIA 1
2] ICO 'W v W - Mauna Kea i
< n
. \/ \ ’\ YAS
20 = \f\/\, 30
Wavelength (microns)
16° ) Downwelling Radiance
m
. W\M Jf\-”‘\/\/\. 'vwm
€ 10°
= .
E o
= 10
—12 1 - .
10 g5 10 15 20 25 30

Wavelength (microns)



Transmission

Astronomy: Atmospheric
Transparency
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Modeling the Transmittance
for 3 Observatories:

Obs  alt (ft) H2ZOum 03 (cm2) ZA
Alma 16597. 500.000 0.91E+19 O.
SOFIA 41000. 7.300 0.91E+19 O.
Airship 65000. 1.100 0.91E+19 O.
Balloon 95000. 0.157 0.38E+19 O.

Resolution used for the plots below:
lam 1 lam 2 resolution
(um) (um) (um)

0.82 3.5 0.005

35 9 0.01
9 40 0.05
40 100 O.1
100 160 0.5
150 300 0.5

300 1000 1.0



% Lick Mongo

UoaPER ! Ballban
500 Hal :

qx
P
="
=
-
<4
o
=
it
P
—

ATRAMN FO1Z, Stevel Lord lerd@ipos. caltech,edu
| | | | | | | | | | | | | |

1 1.5 i .0

Wavelength (g
+0 . 0BBZYE +12 . 6249 +12 .65 +549 . BYY




-
Py
-
=
T
e
I
.
i .
i
-

ATRAM F012, Steve Lerd I&rd@ipmc.cfltech.edu —
| | | | 1 | | | | | | | | | | | | | | | | | 1

4 2 B 7 2

Wavelength {pem)
el T AL o O ™ ko 6







i
P
=t
=
p—
o
v
=
i
[
—

HLN

% Lick Mongo

APEx T N LI ST

SE0m Ha O 1.1

e ﬁ

.nl A, A

ATRAMN E'i:"ll.?, Steve Lord r&rd@ipm:.mlte h,edu
I 1 1 I 1 1 1 I 1 1 1 1 1

40

+0 . 45120

a0 B0 70

Wavelength (e
+13, Q00 +13, 008




| |

—  ATREAN #0217, 3teve Lord I'c:rd'ﬁ‘ipﬂc.mlteTh.edu
IIII|IIIIIIIIIIII| |

100 110 120 1.30 140 150

Wavelength {pem)
+0. 38674 +12.771 +12 V77T +88 . 266




% Lick Mongo

PapEx | Ballzan
SO0 Ha D

o
i
- -
=
-
-
i
.
i
L.
—

1 | T 1 | T 1 | L=
-Eq;f _
L1 1 | L1 1 | L1 1 | [ 1 |"=|¢§¥§l |

Il 1 .r‘““ﬁ“%{r\J_f’ {\(J\\'x.x

ATEAM F012, |5texre Lord |c~rd@ir‘mc-ml’cech.edu |
| | | | | | | | | |

1 o 1.4 1.6
Frequency (THz)
+0, 40884 +12.829 : +88.175

I
=

|.\-




aMnea % Lick Mongo

qn
o
“
=
Srl
-
=

;
—
e
LU
=
=
| MR
:

s




Lines Presented in the next slides:

SIII at wavelength 18.71300 HIl region
Felll at wavelength 22.93000 Hll region
OIV at wavelength 25.87000 AGN
Fell at wavelength 25.98820 Hll region
SlII at wavelength 33.48000 HIl region
Sill at wavelength 34.81400 Hll region, PDR
Nelll at wavelength 36.01000 HIl region
Olll at wavelength 51.81500 Hll region
NIl at wavelength 57.33000 HII region
. Ol at wavelength 63.18372 PDR
. Olll at wavelength 88.35600 Hll region
. NIl at wavelength 121.89760 Diffuse ISM
. Ol at wavelength 145.52548 PDR
. Cll _at wavelength 157.74100 PDR and Hll region(+)
. NIl at wavelength 205.17830 Diffuse ISM
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(Underlined lines at high redshift too)



Atomic Fine-Structure HIl Region

Diagnostics

SIH] 18um and 33pum
Fell] 26pum and [Felll] 23pum
[Nelll] 36um

Ol 52pum and 88um
[NII] 57um

LOG OF INTENSITY RATIO

Measure electron density, stellar effective temperature,
abundance ratios, abundance gradients, PNe properties,

Ste§e|><|)!3$' .o KISS Airship Workshop - Pasadena -
4/30/2013
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Photodissociation Region
Diagnostics (PDRs)

e [Sill] 35um (present in PDRs and Hll regions)
e [Ol] 63um and 145um

e [ClI] 158um (present in PDRs, HII regions, and the diffuse ISM)
— must be sorted out....

([0 1] 63 pm + [C 1] 158 pm)/Ins

Give for the warm
neutral ISM:

n (atomic density)
G, (incident UV field)

Along with CO:
cloud sizes
cloud filling factors...

n (em™)

KISS Airship Workshop - Pasadena -

Steve Lord 4/30/2013
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Diffuse ISM Diagnostics

e [NII] 122pum and 205um

Can measure of the density
of diffuse ISM.

Can be used to subtract the
diffuse [ClI] component for
PDR modeling.

Can serve as a proxy for L
and perhaps SFR (useful at
high-z).

Steve Lord
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AGN Diagnostics

e [OIV] 26um (along with [Nell] 13um and PAHS)

Measure hardness of

radiation field

Distinguish AGNs and

Starbursts

Steve Lord
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Molecular Transitions

Example: HEXOS (Herschel Observations of Extraordinary Sources) —
T. Bergen, P.I. —including full coverage of Orion KL from 0.6-1.9 THz

Resolves the dust continuum and dozens of lines in many hundreds of
transitions (a line forest) allowing radiative transfer modeling of
temperature, velocity, and density - specie by specie.

Look at these two samples —and look at the transmission through the Earth
atmosphere.
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Transmittance

—
—
—

ey
—

—
-

—
—
-
—

20,000' (577 um)

20,000

Zenith WW
Zenith Ang
LO.S. wWwW
Atm. Type
Layers
Altitude

|

808.9
0.0
808.9
Standard
2
20000

i

H20 O3 N20O o2

Lambda 1
Lambda 2
Sampling
Res(FWHM)
Instr. Fn.
Line Cir
Num. Pis.

Ozone

16.000
18.660
0.079265
0.000000
None
580.453
1125
92.13E+18

Tue Apr 30 04:46:17 2013

20 & ~ % -E
= S, 8 e |z|8 B -
C o = = = [B|= 3_ "' N
SESE | |57 72 VR
< - 95 N |5
2 10/ 1
= = !
5 |
1
d
0 1 1 1 l 1 1 1 1
500 520 540 560
Freauency (GHz)
wWavelength (microns)
s25.0 577.0 535.9
| \ | [ |
L ]
.8 :— —:
.6 | B
- I -
.2 I W‘r»\\\\\ ]
— ‘F\\r\\ |
o |— e —— ]
;i PO 31 RS s % 20 81 % 4 RS S 2 4.2 3| 28 7 0 IR PO O 1/ SO n
16 16.5 17 17.5 18 18.5
vwWavenumber ( cma-1 )
Steve Lord KISS Airship Workshop - Pasadena -

4/30/2013



Trangmittance
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Transmittance
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Transmittance
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Transmittance
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Molinari et al. 2010

Herschel infrared Galactic Plane Survey

HI-GAL Team / ESA/ PACS / SPIRE PACS/SPIRE 70-160-350um composite

Toward a Predictive Global Model of Galactic Star Formation

The Hi-GAL Team Institutes [PI: S. Molinari, INAF-IAPS Rome]

Haly: INAF-IAPS (Rome), Univ. Roma “Tor Yergata”, Univ. Roma “La Sapigaza”, INAF-Oss. Arcetri, INAF-Oss. Catania, Univ. Saleato. USA: Caltech-SSC-IPAC
(Pasadena), Univ. Colorado (Boulder). UK: STFC-RAL (Chilton), Univ. Cardiff, Liverpool John Mogges Univ,, UCL (London), Univ. Hertfordshire, Univ. Leeds, Univ,
Manchester, Univ. Excter. France: CNRS-IRAP (Toulouse), LAM (Marseille), 1AS (Qrmay), CEA-SAp (Sackay). Canada: Univ. Toronto, Univ. Calgary, Univ. Laval
(Montreal). Germany: MPIR (Bonn). Japan: Nagoya University. Ching: NAO-CAS (Beifing) . ESQ-HQ (Munich). ESA-ESTEC (Noardwilk). ESA-ESAC (Madrid)

HI-GAL data processing is carried out at INAF-IAPS (Rome) thanks to support from Agenzia Spaziale Italiana under Contract 1/038/08/0
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