Some results after 10 years of site

Er*c Fossat, Fizeau lab, Nice

Site2010, Kislovodsk



 In the name of the Fizeau laboratory (Nice)
extended site testing team: Aziz Ziad, Herve
Trinquet, Eric Aristidi,-JJean Vernin, Lyu Abe,
F.X. Schmider, J.B. Daban, J.P. Rivet, Richard
Douet, Yan Fantei, and the winter-over heroes:
Karim Agabi (Project Scientist, two winters!),
Eric Aristidi, Francois Jeanneaux, Djamel
Mekarnia, Erick Bondoux, Zalpha Chalhta
Cyprien Pouzenc, Denis Peterman :










Astro-Concordia site testing equipment.
Altitudes are defined within one meter or so!
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Figure 7.- Comparison among the relative frequency histograms of precipitable water # obtained for
the following data-sets: (a) the present March/April'May data-set; (b) the present December’ January
data-set; {c} the VD {Valenziano and Dall’Oglio, 1999} data-set including the Upper Limit (LL)
data; and {d) the VD data-set excluding the UL data.
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Transmission @ 350 and 200um

Quartile of transmission at 200 um (narrowband filter)
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~otlear sky fraction, ground wind speed and temperature in 2006
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Wind speed and temperatures from the Concordia AWS meteo D ate (2006)
station (courtesy L. Agnoletto/A. Pellegrini)






about turbulence
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Seaing (arcsec)

First surprise : The summer seeing

Seeing as function of time
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24-hr temperature statistics of the surface layer temperature

\

T ey e P ey ey 5 e £ i 1

R e R T A R A

B L R . e R L LR i

S e P v 5 e

B e e T s S

T P eyem e e o e e e P e 8 T e P D P S e

)

Es ffaer e A G g i g Ci e o

100

Hauteur (m)

B

B0 f--nnee

/1] SERRRE

B

)
.
.
.
.
.
|

o]

]

26
Temperature {C)

-35




Winter histogram













An example of a fit on a winter histogram

3 log-normal functions are needed for a perfect fit
- one for the free atmosphere seeing

- one for the bad seeing inside the SL

- one for intermediate case, that provides a statistical estimation of the
non sharpness of the SL upper limit, less than 1 m or the existence of a
second faint turbulent layer




examples of Cn?profiles (

Yol 562

h=22 U =47

h:40 - 40t a0l i _
; o I T M T : i ; e o

—_ H : 1 i I : h=39 : : h=24

20 ;:2"_—;_ 20 20 7.1 R
ol=—" 0 i 0 — 0=

; | ; ; : ; ! : 5 - £=0.7
ge1] R R e

— : — . - : { : - : e

5 I:l —_ y .
1] 0.5 1 15 2 o 0.5 1 15 2 0 0.5 1 15 2 0 0.5 1 1.5 2

Vol 673 Vol 575

e=16 | g0 L iem32 =l
: ' h=33 : h=14 o : F=43

=

e
|

o B8 5 8 8
—










800

800

400

300

200

100

200

180

100




* There 1s more: the seeing down near the surface, at about
2m350

* It still shows between 1 and 2% of free atmosphere seeing
with exactly the same distribution!




Probabilities




* We can then sum 10 fits (30 months) of free atmosphere histograms, and
obtain a very precise distribution of the « t
proves to be the same at 3m, 8m or 20m, just more frequent higher and
higher. It 1s also season independent, including in summer at 17: local time!

e Some key numbers:
« P(10m)=23%

e P(25m)=150% onn
« Seeing(Pmax) = 0.29 1600
e Median seeing= 0.34 1600
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E. Aristidi et al.: Dome C site testing 9
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Fig. 14. Distribution of the ASL sesing at Concordia, mea-
sured during 10 seasons betwesn 2005 and 2008, and eccluding
summers. The table on the right is the corresponding statistics.

2.6, The peculiar case of the summer seeing

In summmer, the SL geks much weaker as both the tempera-
ture and the wind speed gradients are significantly weaker
than in cold seasons. As already mentioned several times
(i.e. Aristidi et al. 2008), they even disappear every day at
5 pomn, while theese gradients are similar to the winter con-
ditions at local midnights, This sseing depending strongly
on local time does not permit the histogrames to diserim-
inste different situations that are not sharply separated.
Actually the summer histograms tend to show a unique
log normal distribution (Fig. 15), with & mean sesing be-
ing much better than in other seasons but with the ASL
geeing being lost in the mixing of all different situations.
Omnly the daily average at 5 pan permits to confirm that

Seeing (arceec]

Fig. 15. Histogram and statistics of the seeing values corre-
sponding to the pericd 4pm-8pm in summer [December and
Jamuary]. The superimposed solid curve is the ASL seeing dis-
tribution.

timate the characteristic time of seeing fluctuations as a
fmection of the sesing, It is8 quite a diffioult question as
we lack many very long sequences of uninterrupted data
gata. For various technical ressona, our data sequences are
guffering interruptions that make this specific statistical
gtudy somewhat inacourate,

We define here an interval of stability as & continmons
pericd of time in which the sesing is less than a given
threshold 2p. We denote as £, its length. In this interval,
we allow the sesing to be greater or equal to ag during
10%; of ¢,. For example if the sesing is less than 0.5 arcsec
during one hour with a small interruption of 5 minutes,
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Content of the SL 1n unit of C ?

Two measurements:
The 32 winter radiosoundings, in-situ measurements

The « right sides » of the histograms, 1f first expressed in
(seeing)* , then translated in C °

Exploiting histograms at 3 altitudes provides a 3-level SL
content.

A third method remains to be exploited: the sonics
histograms. That’s under study (cooperation between us at
Nice, Tony Travouillon at Cal’Tech and Christophe
Genthon at LGGE, Grenoble)



Two new key numbers:
95% of the C'1s inside the SL

Yes, you read well: 95%

At 25m on average 75% are below the telescope!




Next question

What 1s the temporal distribution of these 15 to 20% of
goog seeing at 8m or 40% of good seeing at 20m ?

This question 1s not trivial because the data sets are not
continuous

A deconvolution of the data window must first be
processed

A simple method has been extensively exploited in
helioseismology: a division of autocorrelations



normalized autocorrelation

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

Autocorrelation of the winter
data window function (2005 +
2006) (only one winter-over)

10

20

30

40 50
time lag (hours)

60

70

80

90

100



normalized autocorrelation
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Same autocorrelation for the
Winter 2007, with two winter-
over astronomers
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normalized autocorrelatrion

Autocorrelation of the good seeing window function
after deconvolution, averaged on 5 summer seasons
(over 15 months of data)
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Seaing (arcsec)
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Seeing as function of time
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normalized autocorrelation

0.9

Autocorrelation of the good
0.8 seeing data window averaged on
4 long winters (24 monts of data)
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An example at 8 meters
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3 months at 20 m

23 july — 31 october 2005
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Isoplanatic angle (Aristidi & Ziad)

i E. Aristidi et al: Dome C site testing: 3 years of seeing and iscplanatic angle statistics
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Fig. T. Histogram and statistics of the thickness of the surface
layer computed for seeing measurements at 3 different heights.
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Fig. 8. Isoplanatic angle histograms and statistics. Values are
in arosec,

ballooms equipped with radic-sounding instrument ation,
that give a mean thickness of 33 m for a total mumber of
35 balloons launched during the winter 2005 [Trinquet et
al, 2005). The last method is the atmospheric modelling,
able to predict with a good relishility the existence of the
turbulent boundary layer, and that predicts a thickneas
of about 30 m at Dome C. These 4 numbsers are impres-
gively consistent snd nobody to-day can really doubt of
this order of magnitude of 30 meters,
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gummer 2003 medion wind speed winter 2003 medion wind speed
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Fig. 3. Summer (left) and winter [right] median wind speed vertical profile estimated m 2003 (top) and

2004 (bottom ). The first and third quartiles are shown with a dotted line.
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