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Outline

Meso-scale models challenges in Astronomy

and Turbulence Parameterization

Review “mesoscale simulations” in astronomic field

Model Reliability

ForOT: an answer to the missing link between
astronomy/meteorology

CINRM-LA, Toulouse, France
Mascraari et al. 1999
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Meso-scale models potentiality

Ground-based astronomy is still competitive with
respect to the space-based one

B Lower financial investment
B Longer typical lifetime

B Better angular resolution thank to the larger pupils size of
ground-based telescopes

AO ftechnigues can correct perturbations induced by atmospheric turbulence

Instruments provide LOCAL measurements
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Meso-scale models potentiality
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Meso-scale models challenges in Astronomy

X To forecast the optiical turbulence = flexible-scheduling

* To reconstructi 3D ¢y mapsin a region around a telescope

* To perform a climartology of the optical turbulence extended over
decades (access to “past”) black dots
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Parameterization

e GCM (General Circulation Models)
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Parameterization in MESO-NH

W Dynamic Turbulence ParameterizZation Bougeault et al. 1989
' Cuxart et al. 1995
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W Obtical Turbulence Parameterization (Astro-MesoNh)
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Review: in| Astironomical field (1)

[Ref: 1966, PASP, 98, 376]

[Ref Applied Optics, 1995, 34, 3461]
- First Hydroestatic model (PERIDOT)
- Orographic model (3-10 km)

[Ref:1999a, AGASS, 137, 185]

- Eirst Non-hydrostatic model (MESO-NH) [Ref19995, AGASS, 157, 203]
[Ref>2001, AZA, 365, 699]

- Orographic model (Ax < 1km)
- First employment of vertical turbulence distribution (C\? profiles)

[Ref: 2001, AKA, 376, 727]
- New calibration method

[Ref: 2002, AGA, 362, 378]

- First evidence of the horizontal finite extent turbulent layers

B
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Review: in| Astironomical field (2)

] [Ref: 2002, BAMS, 858]

- The Mauna Kea Weather Center is announced

[Ref:2005, RMxAA, 39, 249]

- Mesoscale models'and near ground wind speed for ELT site selection
- Mesoscale models (25-45) 7. betiter than GCMs

[Ref: 2004, RMxAA , 40, 3]

- First model validation in statistic terms (10 nights - San Pedro Martir)
- Measurements: GS, thermosondes, mast, DIMM

[Ref: 2006, PASP, 118, 849, 1604]

- First statistic analysis (1 year) of C\2? & ALL astro-climatic parameters
g, 09, T, 62, Ly, hyy, O (M=1,2,3)

MM?5 developed by NCAR (US)
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Can we simulate the optical turbulence ?
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Meso-INh model Validation & Reliability (1)

San Pedro Martir'~ Baja California, Mexico

20 Averaged estimates on 10 nights

15 :' Dotted line: Meso-Nh

Thin line: thermosondes

10 &2/ Bold line: 65

10-17 10-16 10-15
CNZ (m-2/3)

Masciadri, Avila, Sanchez, 2004, RMxAA, 40, 3
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Meso-INh model Validation & Reliability (2)

San Pedro Martir'~ Baja California, Mexico

agrmosondes

0.52"

] 10-15
0.42 C\2 (m-2/3)

Aeror 20147 2004, RMXAA, 40, 3
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Meso-INh model Validation & Reliability &)

B G6S/Meso-Nh Ag ~ 30 % San Pedro Martir

Masciadri, Avila, Sanchez, 2004, RMxAA, 40, 3

B 6S/thermosondes Ag ~ 30 7-

Masciadri, Avila, Sanchez, 2004, RMxAA, 40, 3 San Pedro Martir
Azouit & Vernin, 2005, PASP Cerro Pachon

B GS/MASS Ac~20% @ 8-16 km
Ag ~ 50-100 % @ 0-4 km

Tokovinin et al., 2005, PASP, 117, 395 Mauna Kea

B
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Meso-INh model Validation & Reliability (4)

B G6S/Meso-Nh Ag ~ 30 % San Pedro Martir

Masciadr Meso-Nh can be used to

characterize
N .
G her OT on long time extent

Masciadr 1 dro Martir

Azouit & _ _ Pachon
Optical Turbulence Climatology

B GS/MASS
Age ~ 50-100 % @ 0-4 km

Tokovinin et al., 2005, PASP, 117, 395 Mauna Kea
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Firsistatisticall analysisi of ALL astroclimatic parameters (1)

SPM - 80 nightts ~ unifoermly distributed along 1 year

40.0 B ——
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Masciadri & Egner, PASP, 2006
B Is this seasonal trend universal ?

B Which is the physical explanation of such a trend ?
B Which effects on other astro-climatic parameters ?

Fo@ S
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Firsi statistical analysis of' ALL astroclimatic parameters (2)

SPM - 80 nightts ~ unifoermly distributed along 1 year
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Masciadri & Egner, PASP, 2006
B Is this seasonal trend universal ?

B Which is the physical explanation of such a trend ?
B Which effects on other astro-climatic parameters ?

Fo@ S
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Masciadri & Egner, PASP, 2006
summer
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Simulations vs. Measurements Masciad i & Egner, PASP, 2006

W Masciaariid Egrier (2006) B Avila et al. (2004)

€10-15)km ~ 0-22" } median €10-15)km ~ 0.24"
60"’ 1.42" eON 1.87"

Seasonal variation
Ag

summer-winter

W Masciadri & Egner (2006) B Michel et al (2003)

A&gym -wint. ~ 0.22" A&gm wint. ~ 0.22"  (DIMM)

M Echevarria et al. (1998)

Ag ~0.11"  (ssT)

B

sum.-wint.
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ForOli: ani answer to the missing link astronomy/meteorology

NEXT STEPS

Forecast of the optical turbulence

Search and selection of NEW sites

Implementation of models on autonomous
machines = research group

ForoT
an indipendent research group
funded by the European Community
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ForOT Core Project (1)

Mt. GRAHAM ANTARCTIC PLATEAU
30 km 6000 km

Ax = 100 km

MESO-NH
mode/




ForOT Core Project

(2)

Mt. GRAHAM
30 km

— Main goal:
/)| Forecasting |
for flexible-scheduling

Ax = 500 m

ANTARCTIC PLATEAU
6000 km

MESO-NH
mode/

Main goal.: :
Site independent calibration

for sites searches

-

Ax = 100 km




Roque de Los Muchachos
Canaries Island

Cerro Paranal - Chili

60 km, Ax=500 m
2008 - FP6 ELT Design Study [ -
(MASS, GS, SLODAR, DIMM) '32.8 km, Ax=400m
San Pedro Martir
Baja California Mauna Kea - Hawaii
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120 km, Ax=1km
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Physics of the Atmopshere I

avefront perturbation
by atmospheric
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