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Spectres observés
(laboratoire ou télescope)

!

s Modéles ETL et Radex
nmmmp Parametres a varier: N,

T.. T.. ng. Av, espece,
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Bases de données
spectroscopiques et
moleculaires (JPL,
CDMS, HITRAN,
Basecol, LAMDA,
NIST)

\
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Spectres synthétiques, identification de raies, adjustement des paramétre de la source
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CASSIS in a nutshell

e Display any kind of data, whatever the units are
e Manipulation AND analysis

re-sampling, average, operations, ... Line identification, best model (3?)

tabase from SQUTE (cassis20140205.db)
Help
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Usecase on a Herschel/HIFI spectral survey

Spectrum Analysis 1

Data

Load AR Joribar_ALL_clean.fits| Visr data: 0.0 [km/s |w|in:

Tuning

Range min: |479.508000| max: |(1906.77400| |GHz v

Telescope

hifi

Cassis 3.8 - database from SQLITE (cassis20150223.db)

File Edit Modules View Scripts Windows Templates Configuration VO Help

EEIOIMEN S WNR

Load config

Display

Save config

| Full Spectrum |
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1 | | I
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«. Show all transitions of CO potentially

Thresholds and Settings
Eup min :| 0.0 max :/4000.0 EE
Alj min : 0.0/ max : N

Visr data : 0.0 plot:

" InfoPanel | Overlays = Species | Fit | Tools |

0.0 |kmls Iv

175 . .
" present in this spectrum
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Frequency [GHz]
Reference frequency: 1193141.00
[ XTools | Y Tools = Stack/Mosaic |
Shift Zoom Search Range
l<<[>>] [+ ] - | [978.14[Go] [s69.99(set| Xup [Frequency || [GHz -] O oo
Xpot [anuency Il] Icﬂz ll]

Template

Full COMS >}
Name Tag | Source |Sel

8O 27513/coms | []a

C2H3+ 27514/coms | []

Al-atom 27515/CoMs | L |

HC-13-N, v=0 28501|COMS -

H2CN 28502/coms | L)

CO, v=0 28503|COMS E_

HONH + 28504/COMS

C-13-N-15 28505/coms | []

HCN-15, v=0 28506/COMS | [

HCN-15, v2=1 28507|COMS

DNC 28508/comMs | [

DCN, v=0 28509/coms | [

DCN, v2=1 28510/coms | ]

HC-13-N, v2=1 28511/coms | []

CO, v=1-3 28512|COMS

CO+, v=0 28513|COMS

HEO 28514/coms | [

HNC.13 2851 11>

Display

[v] Show signal
[ ] Show image -




What to do if we decide to work on CO:

Line Analysis 1

Data

Template
Load [:AR/oribar_ALL_cIean.ﬂts] Visr data: 0.0 [km/s |w|in Telescope | hifi ISM - Load config
Name Tag ~ |Sel.
- HCN, v3=1 27509( ]|~
Tuning HCN, vl=1 27510 [ ]
) . . HCCD 27511 LI [=
Range min: 479.508000| max: [1906.77400! |GHz w | Band: | 60.0| [km/s - HNG-13 58005 1] _
HN-15-C 28006| [ Display
Threshold CO+ 28009 %
— HC-13-N, v=0 28501
Eup min:| 0.0/ max: [1000.0 |K | w | Aij min:| 0.0| max: *| H2CN 28502 ]
CO, v=0 28503 E_
Jupmin:* | max:|* | Kupmin:[* | max:|* |Lupmin:[* | max:[* | Mup min:[* | max:|* | ["C'C?;‘L = gggg; m 2 Save config
AALCAL A o aaoracl 1 ns
LTE-RADEX [ |
Parameters Noise Oversampling
Telescope: | hifi [ ] Tmb->Ta conv rms: 0.0| mK = Oversampling: |ﬂ
l/ v|Component 1 (x| [ <
Mode: |Full LTE A Interacting Tbg [K): 12.73 NH,) [em™*k |7 522 Continuum
Molecules: -~ Operations -~ |w Geometry: Visr 0.0 km/s |w Sontnum 0K)
Species Tag Database Compute N(Sp) (cm™®) Abundance (/H2) Tex (K) FWHM (km/s) Size (")
CO, v=0 28503|CDMS 7.00E14 1.00E-8 100.00 1.00 3.00
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Cassis 3.8 - database from SQUITE (cassis20150223.db)
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Full Spectrum | Line Spectrum |
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) O C Cassis 3.8 - database from SQLITE (cassis20150223.db)
File Edit Modules View Scripts Windows Templates Configuration VO Help
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“Fall Spectrum | Line Spectrum |

Frequency [GHz] InfoPanel | Overlays | Species ~Fit | Tools
S7628 576275 57627 576265 57626 S576255 57625 576245 57624 576235 57623 576225 57622 Parameters
' ' : | ' : ' ' ' ' ' ! : : [LEVENBERG-MARQUARDT Fitter v
Nb. iterations : | 1000] Oversampling fit: 10|
- h __Manage Components |
80 - N [] Line : Gaussian Lx]
70 - - lo: ] 92.3582| 1.2915
xo: (] 10.0965  0.0275
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g 50 -
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Cassis 3.8 - database from SQUITE (cassis20150223.db)
X Tools f'YTools rm l File Edit Modules View Scripts Windows Templates Configuration VO Help
Line sorting ot i [z][:] /12 [ [] Ul.] |mll [-&\-Iul]\l & IETA
| Full Spectrum | Line Spectrum |
[— requency requency requenc " InfoPanel | Overlays | Species | Fit | Tools
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- = = - - Selections [with middle-click-and-drag :
= T T (wiDisplay | Resetlast | Resetall
'E a4, . - - V) | Actions
) : o ) . ) Fitcurrent | Selectfile | Load Config
- vdod': fkm /3] . - Vdo:h: tkm /s . - Vdedl; (km/s) . ‘ Pran [ swve || swecoany |
"X Tools | ¥ Tools | Mosaic | [Opertion .
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Line sorting: Gallery number:  List of plots: [1-12 | (12 plots) C__omimns DR
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Analysis with the rotational diagram module

Rotational Diagram 1

Data Tuning -
Load config
Load |iNAL_DIAGRAM/CALCUL DES ERREURS/12CO_OrionBar_errors.txt| yUnit: KTa Ta->Tmb conv
CO, v=0 Display
Components
Component 1: |Gaussian Fit | v | [_| Beam dilution correction Source Size ["]: Save config

Cassis 3.8 - database from SQLITE (cassis20150223.db)

File Edit Modules View Scripts Windows Templates Configuration VO Help
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‘Contour Plot | Line Spectrum | Rotational Diagram |

[ InfoPanel ] Fit 1 Opacity Correction
Selection

[ Reset last J

75 - 1 I 1 I ] ] I 1] 1 I I ] I 1] 1 I ] I I 1
35.75 Comp | -CO,v=0 - Block | =
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33.75
B
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= 3250
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3025 1 | 1 1 1 1 1 1 1 1 ] 1 1 1 1 | 1
0 S0 100 150 200 250 300 350 400 450 S00 S50 600 650 700 7SO 800 850

Eup /kIK]

T
—

E

]

{ Reset all |

Close selection

- Display selections

| B A

Display selections annotations

T
L )
1

I

I

I

- Hide all

Remove all

L e e e |

|
|

( XTools | Y Tools = Stack/Mosaic

Shift Zoom Search Range x!op[ Log
1<<1>> [+ l =] | 0 \Geo 304.91@ 1 [
: ; i Xpot l

Display Fit

NB: you can zoom on each point to see the error bars




Let's inject the values found in the RD module into the LTE
modeling tool

Line Analysis 2

Data Template

Load |;sis_oribar_ALL_clean.fusI Visr data: 0.0 |[km/s|w in: Telescope | hifi COs v Load config
Name Tag |[Sel.
_ CO, v=0 28503
Tuning C-13-0 29501( [ ]
S . ) CO-17 29503| [ |
Range min:|  479.508| max: [1906.77350/| |GHz v | Band: | 60.0| |km/s - Coo1s 30502] L] |
C-13-0-17 30503| [ Display
Threshold C-13-0-18 31502| ]
Eup min: 0.0| max: |1000.0| K |w | Aij min: | 0.0| max: | *|
Jupmin:[* | max:[* | Kupmin:[* | max:[* |Lupmin:[* |max[* | Mup min:[* | max:[* | Save config
LTE-RADEX
Parameters Noise Oversampling
Telescope: | hifi | [ |Tmb->Ta conv rms: 0.0/ |/mK | w Oversampling: |j|

l v]Component 1 (x| [ <

Mode: |Full LTE v [v] Interacting Tbg [K): |2.73 N(H,) [em~?]: ‘7_5522 \ Continuum

Continuum 0 [K]

Molecules: -~ Operations -- |w¥ Geometry: Visr 10.1 km/s |w

Species Tag Database Compute N(Sp) (cm™?) Abundance (/H2) Tex (K) FWHM (km/s) Size (")

CO, v=0 28503 |CDMS 1.50E17 2.00E-6 171.60 4.00 3000.00




Let's inject the values found in the RD module into the LTE

modeling tool

Cassis 3.8 - database from SQLITE (cassis20150223.db)

File Edit Modules View Scripts Windows Templates Configuration VO Help
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(" Contour Plot | Line Spectrum |
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Rotational Diagram |

§76.325 §$76.3 $76.275 §76.25 §76.225
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T T
n |
|
-25 0 25
Velocity [km/s]
Frequency [GHz]
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;\ |
Velocity [km/s]
| XTools | YTools | Mosaic |
Line sorting: |Frequency |w Gallery number:
Show by: None |w < |1 12| >
L J

Frequency [GHz]
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-25 0
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Frequency [GHz]

1037 1036.95
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-25 0 25
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Frequency [GHz]
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f
:t 5 .’.‘.
Velocity [km/s)
List of plots: 1-11 | Q1 plots)
Rows xCols: 3 | x [3

Frequency [GHz]
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- T

806.7

1]

$06.6

-25 0
Velocity [km/s)
Frequency [GHz]

1152.} 1154

Tk

-25 0
Velocity [km/s)
Frequency [GHz]

1611.9 16118
-
.
A
25 0

Velocity [km/s)

1611.7

y 4

| InfoPanel [ Overlays ' Species ' Fit | Tools
Plot Info
Line Spectrum
(v HEEN . assis_oribar ALL_clean.fus
in:SKY Lo [MHz] : unknow visr: 0

[v] NN Error
(v W Line

[v] 0 Nearby Line

LTE + RADEX
v] W LTE + RADEX

in: SKY Lo [MHz] : unknow

Plot number

[ ] " Plot number

! Remove All

visr: 10.25

Good agreement with the data considering that we only used one velocity component.




() O O Collisions Files and Partners Densities

Collision Files: |co.dat v nOn-LTE mOdel |n9

Partners Densities:
H2

p-H2  |1.0E04

o-H2 1.0E04

e
O0O0 Line Analysis 1
" Data Template
Load |.r_ALL_QuickAndDirty.fits| Visrdata: 0.0 |km/s|w in:| = |~ Telescope| 772 ISM Y | Load config
He Name Tag |Sel
{H2CN 28502 =
Tuning |CO, v=0 28503
H+ Range min: | 479.514) max: [1906.77400| [GHz | w|Band:[ 60.0 [km/s |+ o 25 L]
[HCN-15, v=0 | 28506 Display
Save Cancel Threshold [HCN-15, v2=1 | 28507
|[DNC 28508
Eup min:| 0.0 max: [1000.0 |K | w | Aij min: | 0.0 max: | | [DCN, v=0 28509 ]|
[DCN, v2=1 28510/ LJ
Jup min: D max: Ej Kup min: EJ max: EJ Lup min: EJ max: [:J Mup min: EJ max: EJ gci;t"' v2=1 gg:;: 9— Save config
BETRAES A v
LTE-RADEX |
| Parameters Noise Oversampling
Telescope: | apex | [ ]Tmb->Taconv | v ms:| 0.0 |mK |w Oversampling:|  3.0|
[v] Component 1 | x| | +
Mode: |Full Radex |v| ] Interacting Tbg Kk |2.73 N(H,) [em™*): |7.5€22 Continuum
uolecules:l-- Operations -~ |vl Geometry: |Sphere v Visr* |0-0 km/s |w Sonunsum O (K]

Species Ta Database Collision Compute N(Sp) (cm™®) | Abundance (/... TKin (K) FWHM (km/s) Size (O




Parameters exploration with python scripts:

& MCMC (Markov Chain Monte Carlo)
& Regular 6rid

Variation of many parameters: column density, excitation
temperature (LTE), kinetic temperature and density (non-LTE)
followed by a x2 minimization

File Edit Modules View Scripts Windows Templates Configuration VO Help
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View Scripts
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Windows

Range

'3

Set

Very useful for large spectral surveys

Configuration VO Help

= M

Frequency [GHZz]

S1C 512§ 515

I I I

i i I
1/ 10
1

Frequency [GHz]

Xyop Frequency

Xy e Frequency

Reference frequency: 512500.00

v CHz -

w CHz -

InfoPanel Overlays Species | Fit Tools

Thresholds and Settings

Eup min : 0.0 max : 150 K »
Aij min 0.0 max :
Visr data 3.8 plot: i8 km/s | w»
Template
1SM -
Name Tag Source  Sel
p-H2D+ AS5S1VASTEL v |~
0-H2D+ 4591 VASTEL v
p-D2H+ SS81 VASTEL v
0-DZM+ $591 VASTEL v
p-NH3 17082 VASTEL v
0-NH3 17092 VASTEL v
p-H20 18083 VASTEL v
0-H20 185093 VASTEL v
p-D20 20081 VASTEL v
o-D20 20091 VASTEL v
p-H2C0 30581 VASTEL v~
0-H2C0 30591 VASTEL v
E-CHIOH 32083 VASTEL v
A-CHIOM 32093 VASTEL v
p-D2CO 32582 VASTEL v
0-D2CO 32592 VASTEL v
p-H2S 34082 VASTEL v~
0-MH25 34092 VASTEL v
p-D2S 36082 VASTEL v
o-D25S 36092 VASTEL v
H2D+ 4501 COMS v
M v
C~atom v
v
CH v
M v
CH M v
TEP ~
C-13-H+, vl 14504 COMS v
LR -l .'_
Display

v Show signal
Show image N
Display



Very useful for large spectral surveys (zoom)
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Cassis 3.8 ~ database from SQLITE (cassis20150223.db)

Full Spectrum |

0.175
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-0.05
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Frequency [GHz]
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1 1

H2CO (726 _625) Tag = 30501

5093 S509.35

v = 509146 24MHz Eup = 144.93K Aij = 3,58E-3 Err = OMHz

Visr = 3.80 (km/s)

pH2C0 (726 _625) Tag = 30581

5094

X Tools | Y Tools | Stack/Mosaic

Shift r Zoom

v = 509146 24MHz Eup = 144.93K Aij = 3.57E-3 Err = 0MHz 7
Visr = 3.80 (kmv/s) -
¢-HCOOH (927 _ 80 8) Tag = 46507
v = 509145 89MHz Eup = 62.20K Aij = 4 S0E-6 Err = 0MHz | |
Visr = 3.80 (kmv's)
1 1 1 1 1 1 1 1 1
509 50905 S09.1 S02.15 509.2 509.2 5093 509.35 509 4
Frequency [GHz]
Reference frequency: 509000.20
Search " Range
— Frequency GHz
\<<>2] L+ ] = ) |511.72]Go) 436 @ iop |Frea =]t =) Clios
o Freaueney [ <]/cHe ]

“InfoPanel ~ Overlays ' Species | Fit | Tools

Thresholds and Settings
Eup min :| : IS0.0'EE
Alj min : - :
Visr data: 3.8 plot: 3.8 u
Template
s -
Name Tag | Source |Sel
p-H2D+ | ASSLVASTEL | v|~
0-H2D+ 4591 VASTEL | i |
p-D2H+ | SSE1VASTEL | w|-
0-D2H+ $S91 VASTEL | »)
P-NH3 | 17082 VASTEL | v/|
0-NH3 17092 VASTEL
p-H20 | 18083 VASTEL | v
0-H20 18093 VASTEL
p-D20 | 20081 VASTEL
0-D20 20091 VASTEL | |
p-H2C0 | 30581 VASTEL
©0-H2C0 30591 VASTEL | w
E-CH3OH | 32083 VASTEL
A-CHIOH 32093 VASTEL | v/
p-D2C0 | 32582 VASTEL | v/}
0-D2CO 32592 VASTEL | v
p-H25 | 34082 VASTEL | v
0-H25 34092 VASTEL | »|
p-D25 | 36082 VASTEL | v
0-D25 36092 VASTEL
H2D+ | 4501)Coms
MD2 + $S01/COMS
C-atom [12501jcoms |y
C-13 13501 COMS v
™ ["13502/coMs | o]
CH+ 13503 COMS v
cH2 | 14s01jcoms | v}
C-13-H+ 14502/COMS | b
C-13-Hs, v=1-0 1 14504/COMS | ]|~

Display

¥ Show signal lmam
__ Show image NN
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Cassis 3.8 - database from SQLITE (cassis20150223.db)
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_Full Spectrum | Line Spectrum |
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Databases and interoperability

Our needs: atomic, molecular, collisional databases

J.\‘(\)Ililc

B

Local database (SQLite), built on CDMS, JPL, NIST,
and private databases (lab or computations),

database with nuclear spin state (ortho, para, A and
E)

Access to the CDMS, JPL and VALD databases linked
through VAMDC

SSAP (Single Spectral Access Protocol) request
through a CASSIS module allowing to access the
IVOA services to retrieve and display any spectra
(Hubble, Corot, Splatalogue, ISO, etc; http://
registry.euro-vo.org)



http://registry.euro-vo.org/
http://registry.euro-vo.org/
http://registry.euro-vo.org/
http://registry.euro-vo.org/

SSAP requests module

Registry & Services selection Reues

Global Para Optional Parameters
Registry: http:/ /registry.euro-vo.org/services /RegistrySearch| v Query L4 |
— Object name: [orlon ] Resolve Use Name Value —~
| The ISO Data Archive InterOperability System — E APSSURE —
RA: 05:35:17.299 ]DEC: [-05:23:27.996 ] —— 2"" - —
[L] The NASA/IPAC Extragalactic Database SED Data Discov... .—H COOA:;:?S‘S
SIZE: I | [ ] |Contact
TheoSSA - Theoretical Stellar Spectra Access ~ T lcoord
r
] TLUSTY BSTAR2006 | | ['CJ Jcoord_obs
(| lcoord_targ
[ ] TLUSTY OSTAR2002 TIME: | [ Jer_ident
E CreationType
[ | TLUSTY OSTAR2002+BSTAR2006 = FORMAT: [none l'] El Creator
o | | ICREATORDID -
__| Tubingen Echelle Spectra ~|| -Query
Deselect all Select all Add service <SERVER>7REQUEST =queryData&P0S=83.82208,-5.3 Advanced Query
Results
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" IE X [ TBL Narval 3% [ miqso bidi ssa ¥ | Upfihps 3¢ [ NOVA WR35a Optical Spectra
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Index Obsid Reference Target_Name I
11 70101216 |http://archives.esac.esa.int/ida/aio/jsp/product.jsp?obsno=70101216&protocol=HTTP&name=Isan&level=Custom |[ISO LWS04 Spectrum Target: ORIAIRC2 1997-11;
12 70101512 |http://archives.esac.esa.int/ida/aio/jsp/product.jsp?obsno=70101512&protocol=HTTP&name=Isph&level=Custom |ISO LWSO1 Spectrum Target: ORIAIRC2 1997-1(=
13 70101609 |http://archives.esac.esa.int/ida/aio/jsp/product.jsp?obsno=70101609&protocol=HTTP&name=Isph&level=Custom |ISO LWSO1 Spectrum Target: ORIAIRC2 1997-10
14 69602317 |http://archives.esac.esa.int/ida/aio/jsp/product.jsp?obsno=69602317&protocol=HTTP&name=Isp&level=Custom ISO LWS04 Spectrum Target: ORIAIRC2 1997-1(
15 70101611 |htp://archives.esac.esa.int/ida/aio/jsp/product.jsp?obsno=70101611&protocol=HTTP&name=Isph&level=Custom |ISO LWSO1 Spectrum Target: ORIAIRC2 1997-1(
16 70101708 |http://archives.esac.esa.int/ida/aio/jsp/product.jsp?obsno=70101708&protocol=HTTP&name=Isph&level=Custom |ISO LWS03 Spectrum Target: ORION BN/KL 1997-1
17 70101704 |hup://archives.esac.esa.int/ida/aio/jsp/product.jsp?obsno=70101704&protocol=HTTP&name=Isph&level=Custom |ISO LWSO3 Spectrum Target: ORION BN/KL 1997-1¢
18 70001209 |http://archives.esac.esa. mt/lda/alo/jsp/product jsp7obsno- 70001209&protocol=HTTP&name=Isph&level=Custom |[ISO LWSO3 Spectrum Target: ORION BN/KL 1997-1(—
1 ZONN1127 Ihnn-flarchi USOLWSNZR _Snarctrum Tarnar ORION BN KL 10071 14Y.
4 il »
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SSAP requests module
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SSAP requests module
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"“Line Analysis" module
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User Configuration

Database

Database Type: [VAMDC v
Database Path: Ihtp:/ /cdms.ph Luni-koeln.de/cdms /tap/ |22 (P
In-memory database: [ |

Radex

Radex Max Part: 7

Radex Max Temp: 99

Radex Max Lev: 1305

Radex Max Line: 12350

Radex Max Coll: 119999

Species sources colors
L onst | | coms | vastel |

General Settings

Autostart Samp: |true v
Force direct opening: false -

| Save || Cancel |

VAMDC requests

LTE + RADEX 1

Tuning
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Threshold Display
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LTE-RADEX v |

Parameters Noise Frequency Scale

Telescope: {E [ Tmb->Ta conv :I: ms:[ 0.0 |mK | Rest. frequency v

~ wIComponent1 X | 4
-2 Continuum
Cassis 3.8 - database from VAMDC (con|  Mode [Full LTE Y| [Einterating Tog(KE [273 | Motk [7se22 | € N
File Edit Modules View Scripts Windows Templates Configuration VO Help Molecules:COs - Geometry: [sonere [ +] Vise  [0.0 | km/s | l
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How to create in CASA a
spectrum file
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Open an 1image an choose the Spectral Profile Tool
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Choose a drawing tool and encircle your source

[ O Cursors

IRAS16293 Band9-cal contsub-spwla.imaqe.fits-rast
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Change the intensity units to Kelvin

bd o 8 D 2 /A <« » a v

Elliptical Region Profile

-200 -150
optical velocity [km/s)

Bottom: optical velocity Top: Nt @ LSRK

from: -367.854 to: 26.693

Line Overlays

Warning: Brightness was calculated using the Raleigh Jeans approximation. For source temperatures < 168.783 K errors are >~10%




Write the spectrum in a fits file that CASSIS will read

) =D 2 /A <« > 4y b

Elliptical Region Profile

Look in: 4 Users/caux O @ [ (=

optical velocity
backup_1342201509_WBS-V-USB. fits
backup_1342201510_WBS-H-USB fits
backup_1342201510_WBS-V-USB.fits
backup_1342201511_WBS-V-USB fits
backup_1342221436_WBS-H-USB fits
backup_1342228611_WBS-H-USB fits

Applications backup 1342228611 WBS-V-USB . fits
from: -367.854 ASAI backup_1342230173_WBS-H-USB.fits

asai_1.ps casapy-20150610-090407.log

asai2.py cshre.old

ATCA.CAT cshre.txt

backup_1342191683_WBS-H-USB. fits d2o.fits

backup_1342191683_WBS-V-USB. fits Data

backup 1342192301 WBS-H-USB fits Database

backup_1342201509_WBS-H-USB. fits Desktop

Computer 0-K6
16293

T Caux 16293E
ALIWOP
ALMA_SV
anaconda

AR RRRAR

Waming: Brightness was calculated using the Raleigh Jeans |

Files of type: FITS files (" fits) Cancel

File name: test newCasa fits Save
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Nos besoins

Diagramme rotationnel pour les données type Herschel/PACS
(en cours)

Collaboration avec les développeurs de I'outil spectol afin de
récupérer les fichiers de collisions utilisables par RADEX avec
mise a jour réquliere

Modélisation ETL des spectres dont les unités ne sont pas en
Kelvins

Manpower...




