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Presentation of laboratory LHPEA

Research topics
Part II:
* Introduction:
Sistory: Choice of Morocco
* Reconnaissance missions in the region of the Anti-Atlas
* Location of the geological and geographical jbel Aklim
* Meteorological data Aklim
* Installation site jbel Aklim
* Installation of Tower

* Site Characterization Aklim
* Data from the first results of measures to seeing Aklim
* Perspectives
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The Laboratory for High Energy Physics and Astrophysics (LPHE) Is one
of Eight laboratories of the Department of Physics of the Faculty of
Sciences Semlalia (FSSM) of Cadi Ayyad University Marrakech
(UCAM).

The activity of the Unit of Astrophysics LPHEA structured around some
main themes:

the atmospheric and optical characterization of astronomical observation
Site,

the Asteroseismology (especially helioseismology) and around new
themes introduced recently as interferometry, the detection of exoplanets.

Site testing ,Construction of a seeing monitor, helioseismology
Photometric studies
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developed within the two units are:
Team High Energy Physics and Theorv (EPHET)
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models

- Confinement in the theories of non abelian gauge
- Physics Hadronique.

- Electromagnetic and hadronic calorimetry.

- Nuclear Astrophysics.

Team Astronomy and Astrophysics (EA2)

- Astronomy and High Angular Resolution

- Optical and Upper Atmospheric Angular Resolution.
- Quantum Optics, Optical linear and nonlinear.

- Asteroseismology and Solar Physics

- Atomic Physics relativistic
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2 h~'1988 Selection of Oukaimeden for site testing by the team of GONG** U.S.
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1994 Defense of the first thesis in astrophysics at the Cadi Ayyad University
(Marrakesh) .

1994-1997 Moving to the Cadi Ayyad University.

* International Research of the Interior of the Sun
** Global Oscillation Network Group
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Present Situation

A laboratory of research in Cadi Ayyad University : F T
LPHEA (18 professors and researchers (11 in '
A Asy*onomy) 2 Technlc:lans)

A’fabortory of Optics in the « ecole normale supérieure »
for the prepa
internships.

o ‘.:rr‘—'"::.m'v‘—crrvvvv'vv ot

An obervation site in qualification in Joel Aklim, candidal
for the installation of the ELT (European Extremely
LargeTelescope)..

Post graduate training in Astrophysics (3 promotions of
DESA and one UFR).

Research Contracts: European Contract, Academy
Contract, ESO, PICS, PARS ...

About Fifty publications in Astrophysics
Ifrane 2009



o]




Subjects currently developped

y |
Single StamSeitarmm

Interferential Seeing Monitor
Cophasing and Limit Magnitude
Extra solar planets :
Choronography and appodisation of telescope aperture
Transit Method
Asterosismology:
Vibration Modes and Solar Model.
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Thesis supervised
Thesis and PHD's:

2 PHD's

Jabiri Abdelhadi. (DE), «L’Oukaimeden Comme site d’Observation Astronomique :
Caracteérisation climatologique et optique et modélisation de la turbulence
atmospheérique », Université Cadi Ayyad, FSSM, Mai 2001.

atmospherlque & Mise en oeuvre et exploitation d'un moniteur de seeing astronomique »,
FSSM, 2005.

Habib Abdelfettah, « Application de la technique du Scidar aux étoiles simples et
Réalisation d’un « Single Star Scidar » », FSSM, 1-03- 2007.

Thami El Halkouj, « Vers la détection des sources Extragalactiques ...» 10 Janvier 2008.

Ongoing thesis:
Oussama Azagrouze: Exoplanétes- Choronographie
Mohamed Sabil: Site testing
Youssef Hach: Mesure et modélisation du seeing
Aziza Bouphir: Qualification de site: Aerosols et Climatologie



Collogue IAU site 2000

- 22 Countries
60 participants
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Accuell = Présentation Programme  Intervenants  Infos pratiques

Ce Projet de Formation Scientifique a &8 adopté par le Comité Scientifique de I'Ecole de
Printemps de 'Qukaimeden

Public :

L'ecole est destinée aux étudiants en troisiéme Cycle (Master DEA, DESS, DOCTORAT), aux
chercheurs et aux enseignants-chercheurs. Les cours traiteront des différents aspects de |a
planétologie tels que la géologie et géophysique planétaire, les sciences des atmosphéres
planétaires, l'observation astronomigue des petits corps du systéme  solaire et
linstrumentation des sondes spatiales. L'Ecole sera ainsi un ensemble de 8 cours de 3 heures
réalisés par des planétologues de différentes universités frangaises ainsi que de I'Agence
spatiale Européenne.

Note :

Organiser une école de printemps, réguliére au Maroc sur le théme de l'astrophysigue
constitue un intérét certain pour le développement de cette science au Maroc. Aprés une
premiére école d'astrophysique en 2007, la deuxiéme école aura pour thématique la
planétologie. Laformation de troisiéme cycle initié depuis I'année 2000 par la création de I'UFR
astrophysigue et Physigue des Hautes Energie a permis de former plusieurs doctorants en
astrophysigue.

La planétologie est pour le moment peu développé au Maroc et cette école permetira de faire
découvrir cette science aux étudiants et chercheurs en astrophysique ainsi gu'en Sciences de
la Terre. |l pourrait ainsi ére envisageable dans les années suivantes de développer dans les
différentes universités marocaines un départernent de planétologie.

Cette école sera I'occasion ainsi de voir quelles perspectives sont envisageables pour le

Inscription

50U5 fhéme i P‘CJ ﬂéf-::}

Comité  Contact

Mardi 23 Decembre 2008 | Plan d'accé | B2

Votre inscription doit &tre
faite avantle 20 mars 2009 Pour
bé néficier des frais d'inscription
reduits. De plus le nombre de
participants sera limité a 30.

* Le programme préiminaire  peut
gtre consulté, il sera mis & jour
uilté rie ure me nt.

* Pensez & consulter la rubrigue
infos pratigues

Ces journées sont organisées
par e Laboratoire
d'Astrophysique et de Physique
des Hautes  Energie de
[Universite  Cadi  Ayyad en
collaboration avec plusieurs de
ses partenaires.



e C3 : Optique adaptative — A. Ziad 14h00 - 15h45

Principes de base et performances, mise en ceuyre, boucle d’asservis-
sement, censeurs de front d’onde, MCAO.

Présentation
OISA, la premiére école d'astrophysique du genre au Maroc, a été

initiée & |'occasion de la réalisation du premier observatoire universitaire o C4 : Interféroméirie siellaire — A. Labeyrie 16h15 - 18h00
d’astronomie au Maroc : I'Observatoire Universitaire de I'Oukaimden. Sa Synthése d’ouverture, interférométrie grande base. Interféroméires
premiére édition coincidera avec I'inauguration officielle de cette institu- imageurs, hypertélescopes.

fion. » Coupole ouverte 20h00 - 00h00

En organisant cette manifestation, le Laboratoire de Physique des Hautes
Energies et Astrophysique (LPHEA) espére en faire un rendez-vous périodi-
que qui permettra aux jeunes chercheurs locaux de cdtoyer leurs pairs des

B Vendredi 11 mai:

différents pays de la planéte. e C5: Sismologie stellaire - E. Fossat 08h30 - 10h15
Les cours de OISA seront assurés par des astrophysiciens de renommée Héliosismologie et astérosismologie, méthodes physiques d’étude et
internationale. Ils portent sur les thémes : résultats obtenus.

o C6 : Effets atmosphériques - C. Aime 10h45 - 12h30

Astronomie Observationnelle et Astrophysique
RS Meéthodes de détection. Caractéristiques des exoplanétes connues et

conséquences. Vers |'observation directe, contraintes et pistes refe-
? rogramme nues. Résultats attendus et perspectives lointaines.
L'école se déroulera sur trois jours : deux jours de cours et une demi e C7 : Etude des Nébuleuses planétaires — T, Hua  14h00 - 15h45

journée de séminaires. Chaque cours durera 2 heures, les séminaires seront
d'une durée de 20 & 30 minutes.

Les participants sont invités & présenter leurs travaux de recherche sous
forme de posters.

Des activités pratiques sous coupole ouverte, seront organisées les soirées

Intérét, détermination des propriétés physiques des NP, principe et
mise en ceuvre.

o C8 : Eléments de cosmologie — Audouze 16h15 - 18h00
Observation de I'expansion de I'Univers. Energie noire, matiére noire.

du mercredi 9 et jeudi 10 mai 2007. e Session poster 20h00 - 00h0O
B Mercredi 09 mai k : ¥ Somedi 19 mai:
i 14h00 - 15h

- Dépo'rl g en. " - ¢ Séminaires (20 minutes) 08h30 - 10h15

e Kuniben . iobeye MIRg:= 1Akag oS1 : Grands projets au sol - ELT (M. Sarazin)

* Coupole ouverte 20h00 - 00h00 52 : Projets spaliaux (K. Oudrhiri)
B Jeudi 10 mai: 53 : Astronomie en antarctique (E. Fossat)

e C1 : Images et télescopes - P. Léna 08h30 - 10h15 *54 : Prospection de sifes (Munz Tundn)

Nouvelles cibles astrophysiques. Nécessité de la trés haute résolution e Inauguration officielle de I'observatoire 10h45 — 12h30

angulaire. Télescopes monolitiques, télescopes segmentés, hyperté-

lescopes. Détection et traitement du signal. * Cockiail offert par la FSSM 100 = | 3040

o C2 : Effets atmosphériques - J. Vernin 10h45 - 12h30 * Refour & Marrakech . 19013:= 18100
Turbulence atmosphérique, propagation en milieu turbulent, scintilla- ® Diner de cléture offert par la mairie 20h00 - 00h0O
tion, agitation. Images instantanées, pose longue. de Marrakech

Ifrane 2009



Part 1. Exremly Large Telescope (ELT)
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INTRODUCTION

* The parabolic mirror telescope with a diameter of 8 to 10 meters.

* The VLT (Very Large Telescope): uses several telescopes spaced
parabolic mirror of a few tens of meters and the technique of
interferometry to reconstruct a single image.

* The adaptive optical telescopes; mirror is composed of many 'small’
movable mirrors. This mobility is managed by a computer that adjusts
the shape of the parabolic mirror as a function of the atmospheric layer
In order to gain detailed

* The Space Telescope: Hubble.
Ifrane 2009



ELT Why?

« The three major scientific goals of these new telescopes are:

« Understanding the emergence of complex structures and the notions of
dark matter and dark energy

 Study the laws of physics at the Planck scale (approx 10-35m and 10-
43 sec). With an ELT could detect a possible variation of fundamental
constants

+ Detection of exo planets including exo Lands.

Ifrane 2009



Description ELT?

A giant mirror, an approximately 1200 square
meters, will consist of a mosaic of a thousand
"little mirrors" adjusted micron hexagonal
close.

The instrument has an adaptive optics.
These technigues allow ground telescopes to
compete with the space telescope image

quality through a corrective mirror
/e deformation to compensate for optical defects
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Conceptual view of a 42m ELT
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In December 2004, the ESO Council decided to build very large telescopes
(ELT) in order to make Europe the leader in the field of astronomy: 42
meters in diameter whose construction will require close a billion.

The feasibility study of a telescope ELT: Jean Vernin, University of Nice
and the Work Package Manager entitled 'Site Charaterrization’,
respectively C.Mufios assisted-Tufion (Astrophysics Institute of the
Canary Islands, Spain) and M . Sarazin (ESO, Germany).

The European Community has chosen Morocco as three other countries in
the world Chile, Spain, Argentina to host

large telescopes in the project 'ELT
Ifrane 2009



Qualification criteria for a site
Astronomical observation

T——————

 Altitude: partially or fully quantify the effects of atmospheric
turbulence

«  Removal of the light sources.
« Accessibility.

« Exposure: lack of cloud cover
« Good transparency of the sky.

Ifrane 2009



History: Choice of Morocco

———————

«  Choice of Morocco has made for: potentially excellent sites and local
skills.

« Over the past ten years, a team of astronomers was formed at the
Laboratoire d'Astrophysique (LPHE) of Marrakech, in the issue of
qualification of astronomical sites

site characterization of the Oukaimeden development including the
construction of a device, the Differential Image Motion Monitor
(DIMM) in collaboration with ESO.

Ifrane 2009



Reconnaissance missions In
the region of the Anti-Atlas

e

 Selection on the basis of a study climate and organic permits selected a
region in the Anti Atlas of Morocco.

« A primary mission of 19 to 23 December 2004, was undertaken by Mrs.
Benkhaldoun, Sarasin, Siher. This mission has allowed the selection of

two sites:
«  * Mount lekst at 2359m near Tafraout
* * Mount Adrar aklima located Ighrem to 2531 m.

Ifrane 2009



- Team consisting of Mrs.: Benkhaloun, Benhida, Errouane,, Lazrek,
Ochaaou, Sabil conducted a series of missions to the two sites

¢ Lkest Mont and Mont aklima;

« Mission from 15 March to 23 March 2006
« Mission 23-27 January 2007

«  Mission from 22 February to 4 March 2007
«  Mission of 03 to 10 April 2007

»  Mission from 11 April to 02 May 2007

Ifrane 2009



3D view of the area surveyed

——

Vue 3D de Ia région prospecté

Ifrane 2009
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Panoramic view of Joel LKEST (Tafraout):

south of morocco
E——
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Panoramic view of Jbel Aklim:south of morocco

Ifrane 2009




Choosing Aklim jbel

———————

Aklim which culminates at an altitude of 2390m is part of the

mountain range of Anti Atlas and the selection criteria summit aklim
are.

* ease of access, the more to the west.
* No obstacle is located to the west which suggests a low
mechanical turbulence as winds from the Atlantic.

* In addition to this summit has a broad plateau, which would
build a pillar height of 1.20m, a cabin and the next round of 5m.

Ifrane 2009



Region Aklim




Sky Aklim

Ifrane 2009



Features Jbel aklim

I ———————

» Longitude: 8 ° 18'31"west
« Latitude : 30 ° 07'39"North
« Altitude : 2393 m
 Distance from the sea about 150 km
* Form the top plate
+ Rare vegetation
» Major city nearest Agadir, about 156 km road

Ifrane 2009



‘esj Geological and geographical situation of jbel Aklim

¥

« The region is located in the buttonhole of Precambrian Irherm in the
western Anti-Atlas, a 80 Km southeast of the town of Taroudant

« The climate of this region is arid with low rainfall, making the water
scarce and located in deep valleys, in the form of sources.

» Access roads are scarce and difficult, only two roads linking Taroudant
and Tata Igherm Tafraout to allow a crossing of the longitudinal field.
The other lanes are difficult to access tracks.

Ifrane 2009



Carte géeologique de la région
d’Aklim a 1/50 000
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Different geological cross the mountain chain Aklim
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Data (GCM) Aklim weather

National Center for Environmental Prediction/National Center for
Atmospheric Research NCEP/NCAR Reanalysis

Ifrane 2009



Temperature Aklim
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Relative Humidity

AKlIim annual av erage, 1997-2007
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Wind direction of Aklim

Wind direction and velocity, average 1997-2007
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Wind vectors and wind velocity iso-values featured on the map
from 18 °W to 0° and from 22 °N to 40 °N.

The wind is averaged over 11 years period, from 1997 to 2007

Ifrane 2009



Wind speed as a function of altitude

AKIim average, 1997-2007
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wind rose

AKim wind rose; 1997-2007
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Station meteo d’ Aklim

© meteo station
NCEP/NCAR

Air temperature (deg C)

May Jun Jul

AWim, Mlyo@f:Mpr 2008
NCEP/NCAR wind rose in % of occurence

North 03

East
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Installation of the equipment at Aklim

» Efforts of the team focused on the site of Mount aklim:

*  The first mission from January 2007, were mainly for more research on
the exact installation site of the future to undertake our measurements.

« Exploration of the surroundings of Mount aklim shows that on this
mountain range several peaks rising to over 2390m.

«  The team went up on account of difficulties of access to these peaks
and thus to deliver the equipment.

« The choice was finally focused on the most easily accessible and
which is also closer to the West: So the top of jbel Tighrine was
selected to implement our site for future measures

Ifrane 2009



Departure to the summit (village Tamdjaoute:bottom
of the mountain 1870 m)

Ifrane 2009



we charge as we can!

T

Exploration of the surroundings
of Mount aklim

Ascension du Mont aklim pillar
support construction of the
telescope

Marketing for the Construction of
a hut at the top

Ifrane 2009



Just follow the Beast?

Ifrane 2009
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Construction of the support pillar of the telescope

Ifrane 2009



Ith local materials

hut at the top w
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Team of astrophysics

Ifrane 2009



Construction of the tower

Tower:
an assembly of
Steel modules
longueu of reduced
14 February 2008

The construction of the tower
height of 5m at the site of aklim
to aim to avoid the effects on
land values of seeing

Ifrane 2009



Mechanics beast!

Ifrane 2009
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Site Characterization

- Accurate knowledge and quantified optical effects of atmospheric
turbulence is essential to optimize the observations at high angular
resolution, and the choice of the best astronomical sites.

- Among the atmospheric parameters that we seek to determine

«  *the profile of the structure constant of refractive index, * Fried
parameter,

«  * Angle isoplanétisme,
»  * The time consistency of wavefront
*  * The high angular resolution set by the seeing.

»  these parameters can be obtained experimentally by several optical
Instruments such as the DIMM, the MASS, the SCIDAR

Ifrane 2009



Seeing Parameter

To characterize the deformation of astronomical images, we
measure the total width at half height of the intensity of a star at the
focus of a telescope, this is also called the 'seeing'.

The value of the parameter Seeing Is that it can quantify the
Integrated effect of atmospheric turbulence on the formation of
astronomical images and also provides a measure of the quality of
comments on a site. This parameter is independent of the instrument
with which make these observations.

The seeing (in arcsecond) is a parameter equivalent to the Fried
parameter, it allows to characterize the effect of atmospheric
turbulence on light waves.
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Measures of seeing by the DIMM

Diaphragn and

i The two images of the star at home
a telescope is affected
S e Crn & St In the same way by the movement

Casseagrin Telescope

of the telescope, the distance between
their barycentres is not

Fowehe Ut 200 affected by this movement.

The measurement of differential movement

of variances
(longitudinal and transverse) gives
an estimate of the Fried parameter and thus the
value of seeing

Laptop Computer

Extended Hand
Control Line

RS-232

r——— Line

5T-2374 (U
€Lb Control Unit

Paralle! Port
Control Line

b o

Power Cable

Differential Image Motion Monitor (DIMM)
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Main program window

Vi h‘ monitor Cavadore seeing during the observation

1 Seeing monitor analyser, - ¥1.10 - Sept, 9th 2006

Fil= Camera Telescope

Mrozes

0345 0350 0355 04:00 04:05 04:10 o4

Clear Plot Scale auto |

Amount of frame : B /100 | valid sesing meas. = 2559
Airy dizk radius : 20066 pm [3.69 pixels]
Starl: ==221.41 ¥'=237.70 Star: ==288.81 =237 B2 Distance= 67 40

Centroid »»> Starl: B2 pimels -» 19%  Star2: 51 pisels -» 16% Flux>> Star
Starl: mowve from ongin=2.76 StarZ: mowe from origin=23.29

Angle 359.89 * Parallel motion stdew @ 0.37 pikels  Perpendicular motion
Total Fluz Mean = 8372 Ams = BBE  *Xmean Poz = 263.3 rmean Pos = =

Seeing = 0.4 arcsec R0O= 249

v Sawve zeeing meazurments

_ . | C:ADocuments and Settingz'weminsBureauhELT %3045 esing. txt
= left [pixels] 11 Star Box [pixelz] 17 J
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wiavelenagth [pm 0.5 ' Top [pixels)
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-
Fixel zize [pm 5B ; =
() Moise (LD 1-38 M ax diztance from 1=t meas. [pixelz] 130

Sypstem noize [pixels) 0.0 Mean (ADIT)= 2.8

Max (ADTTY = 1Z.°7 [ Show dizcarded pixels when centroiding
[~ Force it ass=1

[T Stack incoming frames [SHME improvement)]

mean=8.57 max=234 E7 kin=1.00 ==4B2v=181=11.33 992 fps Telescope not connected
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Signal to background noize ratio 20 Target

Target location  Stars ]

Mame |.-'—‘-.Ipha2DDD Deltaz000 kd agnituc
BSCF235 15h05m24.600: +13°571'48.00" 299
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a
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Control
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AC DIMM
connected to a camera pixelFly
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Main program window
monitor DIMM |AC seeing during the

observation
—:

- e
2 - |
Connected Bloqueadn
10/05/2008 01:25.32 "127.0.0.1.1169" > Connected D= EAEIE 2
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INSTITUTO DE ASTROFISICA DE CANARIAS
- EAC
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M ain parameters =

Mode: LOCAL Seeing [arcsec) 0823 WOkt (i 01316 0.1152 Save focus images

General | Mukimedia | Uity Telescope
Camera: Power On Last update [T 10/05/2008 02:34:11 fwwhrnlfwhmt [arcsec): 07687 @ 08777 Save sesing images:
Object (1 of 1) |5A0 30653 B3l
Star: BSETOS Airmass: 10365 <Fluel < Fluss: 3927.232 | 5689.596 UT: 10/05/2008 02:34:37
Typs: Star Magnitude:  2.24
FA:17hSEm49.96s  <Dwsi<Du> [arcsect 28.5898: -0.1298 Scintl:Scintz: 0.0663 - 0.0062 Observaton: AKLIM Right Ascension: 17h 56m 50s Declination:  +51°28'58"
DEC: 51¢ 28 57.69" Dusig2: Dysig2 0.156: 0.1229 Mum exp:Mum RUMs: 10.00 ; 79.00 Femouin IFETTE (lifuglz  HEFEERE
Skartup Shutdown
Commands execution tracking S | | Sek Park | Park |
10,05, 0 -~
| | Slews Prior |
-
Spots image
e : : Last update: 10/05/2008 02:34:37 e & | B as 4 e 2| &
= Connections
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74 start R B T &H
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Technical parameters of two DIMMs of Ak lim cross

calibration campaign.

Se=e=1 nag LML o1 M=
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The temporal evolution of Seeing during the night of 10 to 11 May 2008
measured by IAC DIMM

evolution tmporel du seeing mesure par DIMER LAC
3.5 T T T T T T T T

# —4— DIMM avec PixelFly

EEEiI'Ig BN ArCsec
¥

'-.I.' =
;
]

1 1 1
M 21.5 22 225 23 235 24 245 25 255
¥ = LUniversal Time
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Instrumentation

MASS-DI MM
instruments

2 MASS-DIMMSs
are being made
at CTIO+SAI

First light: Oct. 3, 2003

ESO Workshop., Oct 13 2003
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Control Tower
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The source of energy

Aklim site is solar energy

Solar Panel
Solar controller and inverter
Rechargeable Batteries



GUI window
for the MASS software Turbina

File Measurement Test Tools Control Config Help

B | Alp Hya 1.02 | :54:
|

[00:00:00 [Scenario_1 |
A B L) D
CFLUX
AFLUX 56.18 1=0 330 493

err 0.007 0.007 0.007 0.006

SI 0.0034 0.0027 0.0022 0.0019

err 0.103 0.106 0.119 0.115
AB CcD

oo DSI  0.0004 0.0003

By

FREE err
SEE 0.08 0.332
HEFF 25695 0.236

ISOPL: 9.06 0.072
TAU: 20.51 0.193

Z: 0.5 1.0 2.0 4.0 8.0 15.0
Cn2: o.13 .00 o.02 .00 o.00 0.03
10~ -13 m~1/3
Chiz: 13.75 SeeCn: 0.11

lOff lOff lon 30.5

End of count

Ifrane 2009

CFLUX: the flow of the star.

SEE: the seeing.

Z: altitude.

Cn2 the structure constant
fluctuations of the refractive index of
air.
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Monitor MASS seeing can measure
worth seeing by every minute with
intermediate values for each 10s.

All settings are made using the main

program window Turbina:

Choice of star, one selects from a
predefined list on the GUI of Turbina.
Data recording is done automatically.

Display results of atmospheric

parameters in real time.



Cerro Aklim, MASS & DIMM

MASS overshoots corrected
T T I ] |

+—= DIMM Full Atm. Seeing

+—= MASS 0.5-25km
—— MASS 2.0-25km




Perspectives

Ifrane 2009

* Continue the measurement campaign
* Data processing measures

-DIMM
-MASS

* Installation of new measures

characterization for the qualification of the site:
Seeing of the new SIM method
-Photometrye



We have a dream !

Project ELT telescope of ESO: Morocco



http://www.roe.ac.uk/elt/graphics/elt-telescope.jpg
http://www.lesia.obspm.fr/IMG/jpg_web_ELT_design.jpg

