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Background and monitoring instruments

Site monitor showing good conditions in winter at Omal/Tibet
- Clear Sky ratio observed with CloudMon
-image deterioration measured with micro-thermal (C;?) sensors
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Background and monitoring instruments

Site monitor showing good conditions in winter at Oma/Tibet
Telescope Plan near Ali and possible 4m telescope in future for Asian

astronomers

2
SiteSurveyWS 201204Beijing Sasaki.pptx




China-Japan Collaborative Site Testing in West China

Collaborative Site Testing in West China

Summary

1) Site Survey and testing has been conducted since 2003, led by Prof. Y.
Yao, and two weather-monitoring stations have been settled at “arasu
(Xinjiang) and O ma (Tibet).

2) Japanese team has joined the site survey project after the workshop at
Lhasa, 2004. We introduced MIR cloud monitor cameras , atmospheric
micro-turbulent C;2 sensors, and weather stations at both sites.

3) At Oma site, cloud monitor camera revealed excellent sky conditions in
winter, but not good in summer.

4) Nominal seeing measured with C;? was less than 0.1 arcsec up to 36m
height in Nov. 2008. We must conduct seeing measurement through whole
atmosphere w/ DIMM/MASS/(SNODAR) to evaluate seeing condition
at the site soon.

5) Strong winds have been observed at Oma in winter season, which may
affects seeing seriously.

6) We are settling site survey instruments at possibly best site near ~!i in
west Tibet.
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Collaborative Site Testing in West China

Summary

1) Site Survey and testing has been conducted since 2003, led by Prof. Y.
Yao, and two weather-monitoring stations have been settled at “arasu
(Xinjiang) and Cma (Tibet).

2) Japanese team has joined the site survey project after the workshop at
Lhasa, 2004. We introduced MIR cloud monitor cameras , atmospheric
micro-turbulent C;2 sensors, and weather stations at both sites.

3) At Oma site, cloud monitor camera revealed excellent sky conditions in
winter, but not good in summer.

4) Nominal seeing measured with C;? was less than 0.1 arcsec up to 36m
height in Nov. 2008. We must conduct seeing measurement through whole
atmosphere w/ DIMM/MASS/(SNODAR) to evaluate seeing condition
at the site soon.

5) Strong winds have been observed at Oma in winter season, which may
affects seeing seriously.

6) We are settling site survey instruments at possibly best site near ~!i in
west Tibet.

7) We are discussing to deploy a small telescope w/some observation
instruments and negotiating to introduce a possible 4m telescope near Ali. .




A site in west Tibet is in an important location for
global astronomical observation network

' sites in west China; Karasu, Oma, and Ali




In Planning phase of ELT, west China is one of candidate sites
Dr. Sarazin (ESO) showed a global weather map at SPIE at Kona, 2002 .

Refer to
. . . Meteorology and Solar Energy
GIObaI CIOUd DIStI’IbUtIOh Global/Regional Plots
January Cloud Amount at O GMT
July 1983 — June 1993

2Q 30 80
Regicn average= 67.0494 NASA/SSE 25 Apr 2004




Arranged only for night data.
Two blue crosses show Hanle (India)

CIOUd map around west China and Maidanak (Uzbekistan). Red cross

shows candidate site in Tibet.

January Cloud Amount at O GMT
July 1983 — June 1993

80
Hegion averaqe= 46.5262 NASA/'SSE 25 Apr 2004




Wind Speed at Tibet and Mauna Kea at 200mb

Wind speed at 200mb (altitude~12000m) shows correlation with seeing size
Does it mean bad seeing during winter at Tibet?

=¥ JanMaunaKea
FebMaunaKea

—=—Mar:Maunakea

—+Jun:MauneKea
—4—JulMaunaKea
—#— AugMaunaKea
SepMaunaKea
OctMaunaKea
NovMaunaKea
DecMaunaKea

From ¥01SatelliteData¥NOAAData¥AstronomicalSites¥AllSites200mb.xls




Comparison of 200mb Wind Speed
with Seeing at Mauna Kea
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Comparison of 200mb Wind Speed
with Seeing at Mauna Kea
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Site monitoring instruments available and/or planned

Instrument Method

Measured value

Height range

Weather Station*$ Temperature, Humidity, Wind, Pressure
Rain, (Sunshine, IR radiation )

Particle counter Dust particle

Dust counter®

Visible whole-sky camera® visible CCD camera Night sky
IR Cloud monitor* 10pm-band MIR camera Cloudiness
DIMM? Differential Image Motion Monitor Seeing
MASS # Multi-Aperture Scintillation Sensor Scintillation
SCIDAR® Scintillation Detection and Ranging Scintillation
CT2 sensor * Micro-thermal Turbulence in Surface Layer Turbulence
SNODAR (planned) Surface layer Non-Doppler Acoustic Radar Scintillation
SODAR (NOT exists) Sound detection and ranging Scintillation

Meteorological data

at several m

at several m
through atmosphere
through atmosphere

through atmosphere

1km to several 10km
1km to several 10km
0 m to several 10 m

8m~200m
15m~1-2km

$ * Currently available instruments (*China i , *Japan @ )

Weather Station

Cloud Monitor

CT2 sensors on
40m tower




Inversion layer ~ 2000-3000m high
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MASS

(Multi-Aperture Scintillation Sensor)
Figures from V.Kornilov,
A.Tokovinin,2004
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SODAR

(Sound detection and ranging)

Figures from
http://www.remtechinc.com/sodar.htm

52 elements
40cm x40 cm x 15 cm in size
weight less than 20 kg

SODAR for TMT site survey at MKO(2006)
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History of Site Survey in West China (Japanese group)

HEEERUS
MOU

CloudMon
CT2
CT2

CloudMon, CT2
WeatherStation

CT2
MOU

CloudMonitor Barometer T-sensors

WeatherStation DustCounter

MOU




Site Monitoring Instruments at Oma (Japanese group)
il

CT2 sensor on
40m tower




CloudMonitor at Karasu and at Oma

A40M

Current Layout of MIR Camera
mmside CloudMon oo

. North
Ge window

Calibration RUBBER block
with T-sensor inside

IR Camera —i

Firewire cable

Power cable

- FLIR A40M:

. MIR7.5t013

| Lens24° F/1.0
-/, 320x240 pixel ar

E\Camera-attachment base

: _{,PO wer Unit

FireWire(max 4.5m)

ﬂ Power(220V)




Cloudiness observed w/ CloudMon at Oma in 2008 and 2009

FOV of Cloud Monitor

10/26/2009

A Cloud Monitor
on housing roof

at Oma, Tibet




China-Japan Collaborative Site Testing in West China

Sample Images of CloudMon at Oma on 2008/12/24

All-sky images, every 1 hous, taken w/Cloud Monitor at Oma on 2008-12-24
Ground-based MIR images (Thermal-Eye 2000B Camera, 7-14 um (320x240 pixel array), 1 frame/ 1 min)

O0UH

g




China-Japan Collaborative Site Testing in West China

CloudMonitor Image 2007 March 18 at Karasu

(o}

Z=70
( 200 above horizon )




Error estimate of cloudiness with Cloud Monitor

Data Analysis
1) Flat-Fielding, 2) sky subtraction, and 3) masking

Estimated Errors
1) Flat-Fielding image with covered-wth-cap camera with variation of
2) Background intensity variation of of flat-fielded images;
a part of variation are due to solar radiation,
but other might be sensitivity variation of the MIR camera.
3) time-dependent variation of sensitivity across the image of

In total, intensity error might be of
Due to this large error, we use CloudMonitor images
only for qualitative evaluation of cloudiness so far.

Bias vatiation — —
Sensitivity variation

UTO03h "
. UTO04h UTo07
50 pixels UTO0Sh 23




Comparison between CloudMon (MIR) image and Visible image
on 2007 March 17 05:35:55UT

L1/€0/2002

——=

£1/€0/ 2008 r
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Digital camera

CloudMonitor image
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Clear Sky ratio of Oma, Karasu, Subaru, O~

Subaru (2000-2010) Oma (2008)

Clear Sky Ratio

=—8—Subaru (2000-2010)
—=0AO (2008-2009) clear sky = 100%
partly cloudy = 50% —
cloudy/bad weather = 0%

—8—Karasu (2007; Daytime)
—o—0Oma (2008-2009)

3 4 6 7 8 9 10 11 12
Month

Clear sky ratios at Oma, except summer monsoon season, are
around 70%, which are comparable to at Mauna Kea, Hawaii, and

much bettre than at Okayama, Japan.




Weather Satellite, FY2-D, Image

‘Cloud Image by FY2-D'

EB 12-01°
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2008120100_IR1,geos fits
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Ground-based Monitoring of Clouds in the sky is very useful to evaluate the site,

as weather satellite data is difficult to clarify localized cloud behaviors.
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Micro-thermal turbulence detected with C? sensors

A T === measurable

where
n: refractive index
T: Temperature

An =Seeing Size

Seeing Size

Related Site testing instruments
DIMM: Differential Image Motion Monitor
- MASS/SCIDAR: Multi Aperture Scintillation Sensor
-C,% sensor : Micro-thermal turbulence in surface layer
to measure height variation
SNODAR: Surface layer Non-Doppler Acoustic Radar to measure Scintillation
-SODAR: Sound detection and ranging to measure Scintillation




CT2 measurements at Karasu and at Oma
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= Temperature sensor

Temperature Structure Coefficient

Image deterioration estimated from C,2

0(z) = 5.311/5(

7.9x107 P

T2

j )z,
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C;2 measurements at Karasu and at Oma




== Temperature sensor

Temperature Structure Coefficient

e mA R >E ANANAw AR a'al np

e A
1.628
Apail“ of : T‘:;i

CT2 sensors Seeing estimated from C;?
| L

79%x107° P
T2

[CT2 (Z)Zh ]3/5

32

0(z)=531"

Amp




Micro-thermal turbulence detected with C;? sensors

C,2 at Karasu (2007/10/31)

Daytime Nighttime
Geometric Mean (10min)

6:00 12:00 18:00
Date (UTC)

- 11(36.65m) - 12(19.15m) - L3(10.15m) - L4(6.25m) - L5 (4.15m)

TLL(30.09M)  LZ(LY.U5M) LS (LU.LSM) L4 (B.25m) LS (4.1om) |




Image deterioration estimated with C? data

C;* at Karasu (2007/10/31) Seeing from Out of Atmosphere to Height Z,
estimated using C;? at Karasu (2007/10/31)

Seeing (arcsec)

Geometric Mean (10min o
Geometric Mean (10min)

12:00 18:00 0:00
Date (UTC)
oo L1(3665m) oo [2(19.45m) v eo3 L3(10.15m) o> L4(6.25m) ~==—)L5(4.15m)‘

600 12:00 18:00 ; ; 600
Date (UTC)

-L1(3665m) - L2(1915m) - (3(10.45m] - L4(625m) L5 (4.15m)

Image deterioration derived

C,2 distribution
from C;? distribution

IENGE
9(2):5.3/11/5(7.9X]}? P] [CTz(Z)Zh]3/5




Image deterioration estimated with C? data

Seeing from Out of Atmosphere to Height Z,
estimated using C;? at Karasu (2007/10/31)

Seeing (arcsec)

~Nighttime

Geometric Mean (10min)

12:00 18:00
Date (UTC)
- s0-> 13(10.15m) - eo-> L4( 6.25m)

. eo-> L1(36.65m) - oo-> L2(19.15m) . a3 L5 ( 4.15m)




Layered Image deterioration estimated with C;2 data

Layered Seeing between Adjacent Heights,
estimated using C;? at Karasu (2007/10/31)

asiyuns

———
oY £ e
-
. siw: | e
g — SHE LA
e toe B

—
(]
@
wv)
2
©

S
o

=
)
@
n
o
@
|
o
>
©
-

Daytime Nighttime

Geometric Mean (10min)

6:00 12:00 18:00 0:00
Date (UTC)
«Ll1>L2 L2213 L3214 - L4>L5 - L5->Gnd(Om) ‘

Local Image deterioration between heights of z1 and z0

0(z,:2,) = (9(21) P —0(z,) 5/3)3/5




Scale Height of vertical distribution of C;% data

Scale Height of C;? Distribution at Karasu (2007/10/31)

2
CT L L]
positive Zh

Geometric Mean (10min)

12:00 18:00

C,'(2)=C; (0)exp(~z/ z,) ate (0T
|

- Zh (Raw) - Zh (GM) \




Micro-thermal turbulence detected with C;? sensors

C;2 at Oma (2009/10/28-11/01)

Geometric Mean (10 min)

L1 (2=36.65m)
L2 (Z=27.65m)
- 13 (Z=19.15m)
L4 (
L5 (

7=14.15m)
Z=9.65m)

10/29 10/30 10/31
Date (UTC)




Image deterioration estimated with C;? data

Seeing from Out of Atmosphere to Height Z,

.2 at Oma (2009/10/30)
estimated using C; at Oma (2009/10/30)

Geometric Mezn (10 min s
Geometric Mean (10 min

o
—_
L

- 11 (2-36.65m) - 11 2:36.65m)
- 13 (2:19.15m) 13 (2:19.15m)

|15 (2= 965m)

Seeing (arcsec)

- 15(2=965m)

+ Gnd (Z=0m)

12:00 18:00 0:00
Date (UTC)

6:00 12:00 18:00 0:00 : 6:00
Date (UTC)

CT2 distribution Image deterioration derived

79x1075 P 6/5 3/ from CT2 distribution
5
9(z)=5.3/1-”5[ . XT2 j [CTZ(Z)Zh]




Image deterioration estimated with C? data

Seeing from Out of Atmosphere to Height Z,
estimated using C;? at Oma (2009/10/28-11/01)

Geometric Mean (10 min)

Seeing (arcsec)

0.001 7 ‘ -
10/28 10/29 10/30 10/31 1071
Date (UTC)

oo 3 11(Z=36.65m) - o= ->L2(Z=27.65m) - o= ->L13(Z=19.15m) - e= ->L4(Z=14.15m) - o= -> L5 (Z=9.65m) ‘




Layered Image deterioration estimated with C;2 data

Layered Seeing between Adjacent Heights,
estimated using C;? at Oma (2009/10/28-11/01)

— Geometric Mean (10 min)

-L1->13
-L3->1L5

- L5->Gnd

Layered Seeing (arcsec)

10/29 10/30
Date (UTC)




Scale Height of vertical distribution of C;% data

Scale Height of C;2 Distribution at Oma (2009/10/28-11/01)

2
CT L L]
positive Zh

a2 L Y

Geometric Mean (10

=

min)

- Zh (Raw)

« Zh (GM)

C,'(2)=C, (0)exp(~z/z,)

10/30
Date (UTC)




Micro-thermal turbulence detected with C;? sensors

C,;2 at OAO (2008/02/05-02/06)

asiy ung

- 11 (Z=27m)
- 12 (z=22m)
- 13 (Z=12m)
- 14 (Z= 6m)
- L5 (Z=3.6m)

12:00
Hour (UTC)




Image deterioration estimated with C? data

C;? at OAO (2008/02/05-02/06) Seeing from Out of Atmosphere to Height Z,
estimated using C;2 at OAO (2008/02,/05-02/06)

o
—_
L

v 3 11(2=27m)
“o0 3 12(2222m)
<o 3 3(2=12m)
+o0 3 14(2=6m)
+ 0315 (1=3.6m)
+ 005 Gnd (Z=0m)

L z227m)
12 z=22m)
B {z=12m)
14 (z26m)
15 (223 6m)

Seeing (arcsec)

o

(=]

—_
L

6:00 12:00 18:00 0:00 : 6:00 12:00 18:00 0:00
Hour (UTC) Hour (UTC)

CT2 distribution Image deterioration derived

o100 p )" / from CT2 distribution
3/5
0(z) = 5.3/1”5( : XTz ] [CTZ(Z)Zh]




Image deterioration estimated with C? data

Seeing from Out of Atmosphere to Height Z,
estimated using C;2 at OAO (2008/02/05-02/06)

as1y ung

< oo > 11(Z=27m)

- oo = L2 (Z=22m)

< oo > L3 (Z=12m)

© o0 > L4 (Z=6m)

- oo > L5 (Z=3.6m)
+ e - Gnd (Z=0m)

Seeing (arcsec)

Hour (UTC)




Layered Image deterioration estimated with C;2 data

Layered Seeing between Adjacent Heights,
estimated using C;> at OAO (2008/02/05-02/06)

2SIy ung

o
=

cLl1->L2
L2113
L3> L4
L4->L5
- L5 Gnd

o
o
o

Layered Seeing (arcsec)

Hour (UTC)




Scale Height of vertical distribution of C;% data
| Scale Height of C;2 Distribution at OAO (2008/02/05-02/06)

2
CT L L]
positive Zh

as1y ung

12:00
Hour (UTC)

C,'(2)=C, (0)exp(~z/z,)




Histogram of scale height, Z, , of vertical C;# distribution

Histogram of Scale Heights of C;2 Distribution Histogram of Scale Heights of CT2 Distribution
at Karasu (2007/10/26-11/14) at Oma (2009/10/28-10/31)
100
100
negative Zh (10 %) 90
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Histogram of image deterioration at Z, estimated from C?
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Comparison of image deterioration at Z, with seeing by SBIG camera at

Layered Seeing (arcsec)

Layered Seeing between Adjacent Heights estimated using C.?
and Polaris Seeing by SBIG Camera at Oma (2009/10/28-11/01)
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Comparison of image deterioration at Z, with seeing w/ SBIG camera at

Natura

| Seeing measured with SBIG camera (Polaris)
at Oma (2009/10/28-11/01)
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Weather data at Oma in 2008 and 2009

Oma Weather Temperature
(2008 Nov — 2009 Sep)
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Weather data at Oma in 2008 and 2009

Relative Humidity at Oma
(2008 Nov — 2009 Sep)
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Weather data at in 2008 and 2009

Wind Speed (m/sec) at Oma
(2008 Nov — 2009 Sep)
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Weather Direction at

in 2008 and 2009
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Sky is clear or fine? 2 Clearmess ©

% and Seeing estimated in Ground Layers at Oma
2009-10-31
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C,? and Seeing estimated in Ground Layers at Oma

Sky is clear or fine?
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SeismicBigMagCentralAsia_USGS.gif




Candidate Site in Tibet from Satellite Data Site Survey WS at Lhasa, July, 2004

Seismic activity in Tibet

Data from GAME-Tibet project
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MIR CloudMonitor

Clear sky ratios at Oma,
except summer monsoon
season, are around 70%,
which are comparable to
at Mauna Kea, Hawaii, and
much bettre than at
Okayama, Japan.

C;2 measurements

Location Scale Height Zh | Image Deterio.
(meter) at Zh (arcsec)
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On-going Collaborative Site Testing at Ali
ltem  |instument | Statws

Weather
condition

Sky condition

Dust

DIMM
SCIDAR

Surface Layer
Turbulence

Turbulence in
upper layer

Housing

Road

Internet

Vaisala:WXT510

MIR Cloud Mon
Visible all-sky camera

Dust Counter
TSI:DustTrak8520

(NAOC)
(NAOC)

CT2 sensors on tower

SNODAR

w/ electric power

O, supply

LAN

Working at Ali

Working at Ali
Working at Ali

apply site testing instruments
with analysis tools to evaluate
observational conditions at Ali
for years.

= COTTSTrUCtEU SUOTT TS yeal
Planning (tomorrow talk)

Available at Ali

Comfortable at 5100m | *
need AWD i

Planned (not yet available stably)
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SiteSurveyWS 201204Beijing_Sasaki.pptx

Possible Telescope plan at Ali site

And also we like to introduce a possible near Ali.

- A Copy of Kyoto-U 3.8m telescope, under development to install at OAQ, Japan.
- Now negotiating to make a copy with Kyoto-U leading people.

o)




SiteSurveyWS_201204Beijing_Sasaki.pptx

http://www.kusastro.kyoto-u.ac.jp/~nagata/Kyoto3m




SiteSurveyWS_201204Beijing_Sasaki.pptx




Mount of Kyoto 3.8m Telescope

weight~1/5 nomial Telescope

relative deformation <100 pum

Hereditary algorithm
-> Structure optimized (

High-speed drive
low thermal capacity
low thermal inertia
low wind resistance
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Mirror measurement
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L IEED)

Control of segmented mirrors

Optical sensors

gap sensors

Support and actuators

Control Processors
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SiteSurveyWS_201204Beijing_Sasaki.pptx

Possible Telescope plan at Ali site

Telescope located covering

- Follow-up observation of GRE to find primordial objects
in the early universe and reveal its characteristics

- continuous observations of Blazar, Supernova, nova, X-ray binaries,
cataclysmic variables, variable stars, so on.

- Proper astronomical observations for




China-Japan Collaborative Site Testing in West China

for Asian Astronomers in coming era

Mauna Kea

4200 m

.. AN

)

a, viewed from Wailoa Park
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SiteSurveyWS_201204Beijing_Sasaki.pptx
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UTs’ random observations and
coordinated observation




China-Japan Collaborative Site Testing in West China

Merits of Telescope Array

*Each organization possesses telescope
uses own telescope for their science

Coordinated operation of Telescope Array for
enable high resolution observation, compared to JWST
more faint objects observable than JWST

*Own(80%) vs coordinated(20%) : need MoU

Optical Interferometry Yt 55t
30m Tellescopes 5 ( 10 base lines )
with help of earth rotation, increases base line data
- Apply mapping method for image reconstruction

Technical developments

*methods for atmospheric dispersion correction (
*Interferometry with




China-Japan Collaborative Site Testing in West China

Which configuration we select ?

One 30m + Several 8m

lower
less faint
high
Feasibility

Two 30m + Several 8m

middle
faint
higher

Several 30m + Several 8m

higher
more faint




Cost Estimatation

Site development USS 10M < MEX budget*
2m telescope USS 5M €& MEX budget*
8m telescope USS200M

Instruments USS100M
30m telscope USS600M

Instruments USS300M € MEX budget*
AOTAI USS500M

Operation USS100M/year

China-Japan Collaborative Site Testing in West China
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