GhoSST VAMDC 2010 annual report

CNRS/LPG contribution (team leader: B. Schmitt; technical manager: Damien Albert)

Development of GhoSST database:

- Hiring of Database engineer by CNRS (Damien Albert) in January 2010 who will act as project
manager for the development of GhoSST database at LPG

- Development of a first prototype of the query interface for the GhoSST database (SSDM v 0.2).

- Development of a program to ingest XML transmission spectroscopic data/metadata in the
database (SSDM v 0.2).

- Validation and preparation of data and metadata for the GhoSST spectroscopic database.

Data and metadata of a series of transmission spectra and optical constants of ices have been
retrieved and inserted in XML files (SSDM v 0.2) ready to be ingested in the database.

- Writing of a first draft (Documentation / description of key-words and general structure) of the
dictionary of the current solid spectroscopy datamodel (SSDM v 0.2).

- Delivery of this document.
- Survey of solid spectroscopy lab data producers and databases (web and relational): EU+world

- Preparation of a first meeting (13/01/2010) of an expert group composed of European laboratory
spectroscopic data providers (16 people from 4 countries attended).

The aim of this expert group is to advise the Europlanet and VAMDC teams on the necessary
(and optional) improvements and extensions of the solid spectroscopy data model that we intend
to propose to be, at least, an European standard for this field, and possibly an international one. 4



Dictionary of the current solid spectroscopy
datamodel (SSDM v 0.3).

Constituent (poszibly alse for use for mineral elements (atoms) description)

Key-word Type Level Table Exp TUnit Description
constituent index 10y B Const F --  Automatic incremental number given to new constituent

Species mixing

Mumber of different species (molecules or element) of the constituent
constituent number species nt(107) 3 Const F Mo =¥ calculated from list_species index
(note: =1 for material type = "pure” or "raw")

Table of the family of species of the constituents ("molecule”, “mineral
. ; : List: naturel"y for constituents
list: [species, family] [enumtext)] U Comst F T foracomplex "organic material": maybe “complex molecular solid” 7

(note: all these families refer to specific sub-databases where the
"constituents” are stored)

Table of the "species index" of the different species composing the constituent
List:[gpecies index] List: [1nt(113] T Const F - (will be "molecule index" or "element index" depending on the

"species family")

Table of flags telling for each species if they are “precursor species™ or “actuel

List: 185 1 List: [? T Const F - e ; ! . ;
igk[gpecies. 4. poagursor] it (7] onE species” composing the constituent (for processed synthetic materials)
List:[species_mole fraction TESH Rl T Oshie o Table of mole Eraci_:ion ofthe different precurser species in the constituent
precursor | {processed synthetic materials only)

List:[species_mole fraction E st [ETo ] U Const F o Table of_mole E(gction of the different actual species in the constituent
actual ] {synthetic materials only)

List:[species _mass fraction Eist o] U  Const F o Table of mass Eraci_:ion ofthe different precurser species in the constituent
precursot | {processed synthetic materials only)

List:[species mass fraction it o U Const T o Table of mass fraction of the different actual species in the constituent

actual] {synthetic materials only)



Data model extensions
towards SSDM v1.0

e to describe:

— additionnal instrument techniques

« Key-words to describe
— Bidirectional / Biconic reflectance spectroscopy
— Emission spectroscopy
— IR + Raman + fluorescence micro-spectroscopies

— new sample types
— nhew spectra types and spectral products

- additional types of materials

* Minerals / Rocks
— Which classification to use ?
— Which attributes to completely characterize one mineral ?

« Complex organics
— How to characterize a complex synthetic or natural organic solid ?



Expert working group on solid
spectroscopy data model

— 15t meeting —

Wednesday 13 January 2010 — LPG, Grenoble

In the frame of VAMDC & Europlanet RI programs
(also supported by ASOV — PCMI)



1st Expert working group meeting on
solid spectroscopy data model

List of participants (16) Other people interested (10):

- Damien Albert, LPG, Grenoble, France - Gabriele Arnold, Univ. Minster, Germany

- Donia Baklouti, IAS, Orsay, France - Emmanuel Dartois, IAS, Orsay, France

- Pierre Beck, LPG, Grenob_le, France - Cornelia Jager, Institut fir Festkorperphysik,
- Yves Daydou, DTP, Toulouse, France - Stéphane Le Mouelic, LPGN, Nantes, France
- P. Duvernay, PIIM, Marseille, France - Nigel J. Mason, Open University, Great Britain
- Joern Helbert , DLR, Berlin, Germany - Gilles Montagnac, ENS-Lyon, France (TBC)
- Karine Demyk, CESR, Toulouse, France - Harald Mutschke, AlU, Jena, Germany

- Erwan Le Menn, LPGN, Nantes, France - Robert Georges, IPR, Rennes, France

- Giuseppe Leto, Catania Astrophys. Obs., Italy - Ella Sciamma O'Brien, LATMOS, Verriéres,

- Patrick Pinet, DTP, Toulouse, France France

- Eric Quirico, LPG, Grenoble, France

- Bernard Schmitt, LPG, Grenoble, France

- Bhala Sivaraman, Open University, Great Britain
- Patrice Theulé, PIIM, Marseille, France

- Razvan Caracas, ENS-Lyon, France



Aim of expert group

Advise the VAMDC and Europlanet teams on the necessary (and
optional) improvements and extensions of the solid spectroscopy
data model schema

Help to build some parts of data model schema
— minerals and rocks, organic matter,
— sample preparation protocols ...

Define (all)

— the query key-words

— the information key-words
— the units

Review the new data model schema (SSDM v0.3+), dictionary and
documentation

— April-May 2010

Test (with end-users) the implemented database query interface
— End 2010 ?



Aims of Data model

 Development of an European Solid Spectroscopy Data
Model (ESSDaM) that we intend to propose to be, at least,
an European standard for this field, and possibly an
International one.

* Include in the data model schema, up to some limited
complexity level the requirements of most of the European
solid spectroscopy data producers

Schedule:
o “completed” solid spectroscopy data model by April 2010
e Dictionary and documented (v0.3/v0.47?) by May-June 2010



How to proceed

start from the GhoSST core data model schema (v.0.2)
and expand it with some changes.

extend mostly on:

— new types of spectroscopy techniques (reflection and emission
spectroscopy, Raman, fluorescence ...)

— other types of solids (minerals/rocks, organic matter, ...)

Complete, improve, generalize, homogeneize key-words



Limitations of the evolution of SSDM data
model towards v1.0

» to keep this version 1.0 simple although as complete as
possible for the most fundamental data.

 We favour wide spectroscopic data types and
material types coverage in v1.0

to the detriment of complex samples and processes.



SSDM Data model extensions

In bold are “dimensions” that are already implemented in SSDM v0.2

- materials:
molecular solids
minerals, rocks
complex organic compounds

- samples:
Solids or liquids, molecular aggregates
1 (pure) or “n” material components in any type of mixture
Molecular mixing, granular mixing, layering (2 layers)
Core/mantle grains

- ranges:
uv
Visible
Near, mid and far-IR
sub-mm
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SSDM Data model extensions

- sample processes:
Temperature cycling
Simple irradiations (source)
gas interactions (adsorption ...)

- spectroscopic techniques:
Transmission

Reflection (bidirectional, biconic, ...)
Emission

Microscopy
Raman
Fluorescence

- data and products:
Spectra (raw and transformed)
Absorption coefficient and Optical constants
Spectral products from the other techniques
Band list for molecular solids (+ adsorbed in/on minerals)



1g paremeters.

Instrument parameters

[1.1]

Experiment

) experiment_index: INTEGER{10Y

sample_index; INTEGER{113{FK}

instrumental_technic: EMUM transmission’,’ ...
date: DATE

experimentator _name: WYARCHAR{255)
spectral_range_type: INTEGER
spectral_range_1_min; FLOAT
spectral_range_1_max: FLOAT
spectral_range_2_min: FLOAT
spectral_range_2_max: FLOAT
spectral_range_3_min: FLOAT
spectral_range_3_max: FLOAT
spectral_range_4_min; FLOAT
spectral_range_4_max: FLOAT
spectral_sampling_1: FLOAT
spectral_sampling_2: FLOAT
spectral_sampling_3: FLOAT
spectral_sampling_4: FLOAT

[1.11

culatedd from rmany single-layer sample

Sarnple set -

Ui absorption_coefficient_indes: INTEGER (FK)
Ui sample_index: INTEGER{113{FK}

1]

spectral_resolotion_1; FLOAT
spectral_resolotion_2: FLOAT
spectral_resolotion_4: FLOAT
spectral_resolotion_3: FLOAT
microscope_objective: FLOAT
microscope_spatial_extent_x: FLOAT
microscope_spatial_extent_y: FLOAT
spatial_sampling_x: FLOAT
spatial_sampling_y: FLOAT
spatial_resolution: FLOAT
angular_sampling_incidence: FLOAT
angular_sampling_emergence; FLOAT
angular_sampling_azimut; FLOAT
ancular_resolution_illumination: FLOAT
angular_resontion_obseryation: FLOAT
raman_laser_source: EMUM{LW,B320m")
@ raman_laser_power: FLOAT

COOCOCOCOCOCOCOOOOOOOOOCOCOOOCOCOCOOOOCOCOOO O @

@ irvadiation_source: EMUMWUW lamp’,'Hy lam....

& irradiation_filter: WYARCHAR{255)

& experiment_comment: ELOE

instrument_name; EMUMFTIR spectrometer’,’..

41

Measurement technics
+ reflectance
+ emission
Spectral / Angular / Spatial
e range
e resolution

e sampling

+ polarization, ...




‘ 1,71 1, 1]

[1.1]

Sample

Il sample_index: INTEGER{11Y
@ sample_rarme: WVARCHAR{Z55)
@ rurmber_of_layers: INTEGER

@ surface_roughness: ENUM o, very low',lo...

Feompilation of datas @ gample_comment: BLOB

3 Jngle rnolecale §ain molecals").
aiule may be 1,71

ad matrix” n
consists_of

- Layers I

+ core/mantle Si

. : Layer st
M t I talecule i ¥ lawer _index: INTEGER{10Y
- a e rl a S # molecule_index: INTEGER @ sample_index: INTEGER(11 3 (FK)
@ paw_chemical_formuia; WaR CHAR(ZE5) @ thickness: FLOAT
- L] @ developped_chemical_formula: WaRCHAR2E5) @ weight: FLOAT
= C O n St I t u e n tS . @ common_name: WARCHAR(255) @ texture: ENUM{ compact’, granular )
@ secondary_name: VARCHAR(255) @ layer_order: INTEGER
@ deposition_temperature: FLOAT
M O I e C u I eS 0.1 v annedling_temperature: FLOAT
el 22 v layer_cormment: ELOE
+ minerals
when material is a molecular soli, it may|contain 1 to M molecules one layer consists of one or many materials consists_of

1.1 I

-

molecular solid composition
- W material_incex: INTEGER{10){FK}
+ fo rm atl O n roto CO | P molecule_indes: INTEGER, (FK) o, 1]
p @ malecls _proportion: FLOAT = = =
[, 1] |[Lawer consists of Maberisl
n,1 F layer_indes: INTEGER(1 0 {FK)

+ I rrad I atl O nS fel_21 ? material_indes: INTEGER(10} (FK}

1,71 is_mimed_into

G,Dz Material ~ <>
¥ material_jndex: INTEGER{10} ane material may be found in one or many layers
@ name: VARCHAR(2ES)
Q@ farnily: EM U Molecular Solicd, Mineral' )
Q@ compound_type: EMUR pure’, ' molecular mixed ...
@ proportion; FLOAT
@ weight: FLOAT 0,71
N N @ volume: FLOAT

Taille du pixel Taille du pixel @ male: FLOAT

@ grain_size_rmin: FLOAT

{a) Mélange intime granulaire (b} Mélange stratifie @ grain_size_rax: FLOAT

<@ phase_type: ENUM gas',ligquid','arnorphous .
@ phaze: VARCHAR(255)

@ texture: EMUM{ monocrystal’, polycristal

@ material_cormment: BLOE




.71

Spectra

Transmission spectra
Normalized absorbance
Absorption coefficients
Optical constants ,

ER {FK)

+ reflection / emission spectra
+ emissivity, BRDF, ...
+ polarized spectra

™

Mo

1.7

Spectrum

b spectrum_index: INTEGER

COOCOCOCOCOCOPOPOPPOOOOOOCOCOCOCOOOO®

experiment_index: INTEGER{103 {FK}
is_an_absorbance: EMUM{ false’, true’)
source_filename: WARCHAR(255)

file_title: WaRCHAR(2E5)

caption_image: VARCHAR(25S5)
incidence_angle: FLOAT

emergence_angle: FLOAT

azimut_angle: FLOAT

ramnan_irraciation_tirme: FLOAT
baseline_carrection_description: WARCHAR{255)
sample_temperature: FLOAT
annealing_temperature: FLOAT

annealing_time: FLOAT

atmospheric_pressure; FLOAT
atmospheric_composition_malecule ] FLOAT
atmospheric_composition_percentage]: FLOAT
atmospheric_composition_malecule2: FLOAT
atmospheric_composition_percentage2: FLOAT
atmospheric_composition_malecules: FLOAT
atmospheric_composition_percentage3: FLOAT
irracliation_tirne: FLOAT

comments: BLOE

date_createcd: DATE

date_last_updated: DATE

i1

Fiel_22

.71

Ahzarptioncoefficient
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abisorption_coefficient_inde:x: INTEGER

COOCOCOCCOCOCPOPOPOOOOOOCCOCOOCOOOO

is_an_optical_constant: ENUM false’,'true’)
source_filename: WARCHAR(ZES)

file_title: WARCHAR(Z5S)

caption_image: WARCHAR{255)
spectral_range_type: INTEGER
spectral_range_min: FLOAT
spectral_range_max: FLOAT
spectral_resolution: FLOAT

spectral_sampling: FLOAT
sample_temperature: FLOAT
annealing_temperature: FLOAT

annealing_time: FLOAT

atmospheric_pressure: FLOAT
atrmospheric_composition_moleculel: FLOAT
atrospheric_cormposition_percentage!: FLOAT
atrmospheric_composition_molecule2; FLOAT
atrospheric_corposition_percentage2: FLOAT
atrrnospheric_composition_rolecule3: FLOAT
atmospheric _composition_percentages: FLOAT
irradiation_source: ENUMWUY lamp','Hg lam....
irradiation_filter; WARCHAR(255)
irradiation_time; FLOAT

comments: BLOB

date_created: DATE

date_last_updated: DATE

An esperinient generates a set of s
A spectra domes from a single experi

[1.1]
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Band list

- Molecular solids
+ adsorbed molecules

Positions,

- Width,

- Intensities: peak, integrated
- Vibration modes (+ type)

- References

ORI LT, | e

@ comments: BLOB
@ date_created: DATE
@ date_last_updated: DATE

1l

Rel_22

&

1.7

Ahzorptioncoefficient

k]

absorption_coefficient_index: INTEGER

is_an_optical_constant: EMUM{ false’, true’)
source_filename: WARCHAR(255)

file_title: WARCHARZSS)

caption_image: VARCHAR{255)
spectral_range_type: INTEGER
spectral_range_min: FLOAT
spectral_range_mazx: FLOAT
spectral_resolution: FLOAT

spectral_sampling: FLOAT

sample_ternperature: FLOAT
ahnealing_ternperature: FLOAT

anhealing_time: FLOAT

atmospheric_pressure: FLOAT
atrmospheric_composition_malecule1 : FLOAT
atmospheric_composition_percentage1: FLOAT
atrrospheric_composition_molecule2; FLOAT
atmospheric_composition_percentage2: FLOAT
atrrnospheric_composition_maolecule3: FLOAT
atmospheric_composition_percentage3: FLOAT
irradiation_source: EMUM{™W lamp’, Hg lam...

an absorption

Rel_15

&

oefficient is calculated from many single-layer sample

1.7

.71

Band list nia

% band_list_indes: INTEGEF;

molecule_incex: INTEGER (FE
secondary_molecules; INTEGER
sample_ternperature; FLOAT
annealing_temperature: FLOAT

annealing_time: FLOAT

atmospheric_pressure: FLOAT

atmospheric _composition_moleculel : FLOAT
atmospheric _composition_percentage! : FLOAT
atmospheric_composition_molecule2; FLOAT
atmospheric_composition_percentage2; FLOAT
irracdiation_source: EMURMOWUY larmp’, Hy lam...

irradiation_filter: WARCHAR{255)
irracliation_tirne: FLOAT
comments: ELOB

date_createcd: DATE
date_last_updated: DATE

COCOCOCOCOCOCOOOCOCOCOOCOCOCOCCOCOCOOO O OO

+ errors

Band list data row

% band_list_data_row_index: INTEGER

kband_list_indes: INTEGER (FE)
kband_transition: WARCHAR{255)
band_position; FLOAT
band_peak_intensity_alpha: FLOAT
band_peak_intensity_k: FLOAT
band_fwhrm: FLOAT
band_integral_intensity: FLOAT
vibration_type: WARCHAR{255)
band_strength; EMURM s’ ws','s, )i’ W,

COCOoCOCOCOCOCCE

to see what is a band list data :
httpiistsp obs ujf-grenoble frispip php Yarticle25

.11

irracdiation_filter: WARCHAR{255)
irradiation_time: FLOAT

date_created: DATE

date_last_updated: DATE

compound_type: ENUM oure’, molecalar mixed')
proportion: FLOAT

farily: ENLUME Molecular Solid’, Mineral )
phase_type: EMURM( gas’, liquid','amorphious ...
phase: WVARCHAR(2E5)

comments: BLOE

Fel_22

COCOCOCOCOC OO OO OCOCC OO COC OO OO

1

aband list is a compilation of datas
concerning a single molecule {main molecule™),
A second molecule may be

referenced, as a "matrix”

far the main moleculs.

Fiel_21

AT

Molecule
% molecule_jnderx: INTEGER

5 vaus charmical faeeanbas PARCHARSICEY




Solid Spectroscopy Data Model

* Relational database advantages

Permits to store a wide range of parameters
variations in experiments.

Experiment samples can handle complex
structures (multiple layers / materials /
constituents / precursors).

Samples and experiments can have a
relation to a parent sample/experiment,
enabling full history for those.

At term for an advanced use every
parameters could be searchable.

 Molecule database identification, two
standard available in SSDM :

InChlKey (International Chemical Identifier).

CAS Registry Number (Chemical Abstracts
Service).

"] material v
] constituent v T

5 name VARCHAR(255)
id INT

type ENUM.)
material_id INT fWEI "
precursor_constituent_id INT amily ENUM..)

compaund_type ENUML...)

ig_precursor ENUM(false','true)
state ENUM(...)
weight_fraction DOUBLE

fraction DOUBLE

| & vdume DOUBLE
grain_size_min DOUBLE
grain_size_max DOUBLE
phase_type ENUM(...)
phase VARCHAR(255)

comm ents TEXT = I texture ENUM(..)
| comm ents TEXT
+ | >
| |
| |
. I
| |
* I
] synthetic v I Bl .
L | idINT
i | constituent_id INT
constituent_id INT | N
e —teg < reference VARCHAR(45)
type ENUM(...) 3
. type ENUM(...)
comm ents TEXT

>
] synthetic_atom v
synthetic_id INT ] natural_atom v
& atom _d INT | natural_id INT
| fraction DOUBLE 1< ¢ atom id INT
fraction DCUBLE

| 4 -

] synthetic_molecule v ] natural_molecule ¥

synthetic_id INT ‘ ‘ natural_id INT
molecule_id INT £ molecule_id INT
fraction DOUBLE ‘ ‘ fraction DOUBLE

» >

SN — >

Database example : materials & constituents structure
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Data Ingestion Interface Prototype

Simple web tool permitting the import of experiment / samples / spectra.
Based on XML input files with server-side XSD validation

For additional data files an archive containing the import XML file and associated
data files can be uploaded (multiple format accepted).

Instant feedback to the user :
— For data validation : displays full XSD errors to ease location of potential problem.
— After import : report of activity done, ensuring the data has been correctly handled.

Expertise in XML validation to be used when interconnecting whith VO in
XSAMS.

GhoSST

Back-end / Import / Experiment and spectra

Import file |C:\tmp\experiment-HZO-MIR.smaII.zip Parcourir_ |

*Processed import file experlment -H20-] f’IIR small.xml
'Database indexes - (r=ferences ar= show
Experiment : FTIR spedrometer 199 1211 Index : 13
Spectrum : N88_H20 R04. Index 13
Spectrum values ; 32768
*Impart finished

Interface prototype feedback example 17



PLANNING 2010 « Spectro-database »

o Solid Spectroscopy Data Model (SSDM)
extension (with VAMDC)

(+ reflection & emission spectroscopy + minerals)
- expert group meeting
01/2010 Done

- new SSDM + draft dictionary document
04/2010

- documented SSDM
05/2010

18
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PLANNING 2010-12 « Spectro-database »

e Data ingestion tools (XML files)

— Transmission data
07/2010

— Band list data
12/2010

— Reflection / Emission data
2011

 Feeding of databases :

— transmission spectro (LPG) :
07-12/2010

— band list database (LPG)

19



