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" baseline length of d‘) |

. Spatlal Structu re

| .'Spatlal Structure Functlon (SSF) ,

- RMS phase fluctuatlon as a functlon of baselme Iength
[RI\/IS phase] \/({Phase(x) — Phase(x — d)}z) |

',’(namely, the phase
difference at the

nc tl on (sSF)

= Possible to reveal
- statistically the size
~distribution of water
vapor clumpsin the

atmosphére -
—3-D KoImogorOv
turbulence:
slope =0.83
— 2-D Kolmogorov 1 km 10 km
turbulence: -3

slope = 0.33 Baselme Length [m]

Blue: Raw data
Red: WVR corrected data

RMS Path Length [micron]




Spatlal Structure nctlon (SSF)
Typlcally, there is a turn over around 1 km

° Increase of ENE fluctuatlon at Ionger basellnes is smaII
by Good news for Ionger baselme mterferometry

Blue: Raw data
Red: WVR corrected data

RMS Path Length [micron]

1 km 10 km
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SSF Slopes at Sho

At short basellnes (< 500 m)

'SSF slopes are almost

constant under Whatever ' 3

' condltlons | :
. — Before WVR: 0.65 +- 006
i AfterWVR 0.62 +- 009

* 50% quartlle slope for the 3-
~year 11.2 GHz Radio Seemg
‘Monitor data: 0.63°

| (Butler et aI 2001) 4
~ Raw data we took seem typical

phase fluctuation condition at
the ALMA site.
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RMS Path Length af- 10 km Baselme
Estlmate the rms path Iength at the basellne Iength of 10 km
Iog_m(rms path Iength) . | 2

- . +[long basellne constant] , .
. ngher PWYV data have Iarger rms path Iength at 10 km.

- ¢ Even when PWV < 1 mm and after WVR phase correction,
. mean rms path length is ~200 um

EI> Peak-to-peak e ¢ Raw,
- phase fluctuation 4 Raw,
‘is ~27 or more for " o
600= 1000 GHz, - " Bands
(300=500 um).

= Need additional " WIR
phase calibration o Wi,
methods. ; O
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S Pa|red Antenna Phase Correctlon

. 7 R

e 183 GHz Water Vapor Radlometer (WVR) Phase Correctlon Method
oo Fast SW|tch|ng Phase Correctlon Method |
* Band to- Band Phase Correctlon I\/I thed_




What we can suggest for AtLAST
from what we have learned at ‘
ALIVE: Long Baselme Campalgns




1 Llnk to ALMA’-’

| h e re tO p u t: 7

RIVIS Path Length at 10 km Basellne

. Even when PWV <1 mm and after WVR phase correctlon

Need to con5|der |
‘telescope
capabllltles

_mean rms path length is ’"200 pm

.' = Peak to- peak phase quctuatlon |s “Zn or more for 600

g 1000 GHz (300 —500 pm)
= Need addltlonal phase callbr‘atjon methods

Must, |nsta|| 183 GHz
WVR

Fast Switching
Band-to-Band
Paired Antenna

10 km [micron]

Estimated RMS Path Length
atBL
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This corresponds to pointing change

O

Water Vapor

-

From the antenna
point of view, wave
front has been tilted.
= Change in pointing
direction.



Anomalous Refraction / Pointing Jitter

Altenhoff et al. 1987, A&A, 184, 381




Anomalous Refraction / Pointing Jitter

Altenhoff et al. 1987, A&A, 184, 381
Pointing offset

= [Delay due to water vapor] / [Telescope Diameter]

Pointing offset

Delay due to
) water vapor

Telescope Diameter

= ——>




2 Anomalous Refravc‘tlon at the ALMA Slte

K Based on the ALMA Long Baselme Campalgn data

- the. empirical reIatlonshlp between the rms excess
~ path Iength (= phase quctuatlon) and the baselme i

o 'Iength ISt . a e

o glO(AL[mlcron]) ?:;

= O 65 X loglO(D[ ]) + G-'_ '}X PWV[mm] + 0. 1

S
¢£-‘“':§“
.\' 3 ‘.'

4 So the anomalous refractlon |s expressed as:

AH \/_X1003><PWV[mm] 59D[ ] OBS[T‘CLd]

(the factor of /2 is for 1-D to 2-D correction, since
the SSF above is 1-D, but the dish is 2-D)



2 Anomalous Refra'ctlon at the ALMA Slte,_

¢ 0 At PWV 1 mm:

Dlameter Anomalous Beam Size

Refraction at 1000 GHz

e Pointing may be affected at larger PWVs.



2 Anomalous Refra'ctlon at the ALMA Slte,_

. At PWV 1 mm, but 1(5 Iarger factors in the equatlon

Dlameter Anomalous Beam Size
Refraction at 1000 GHz

* Pointing will be affected at 3o fluctuation.
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3 Large Phase FI;‘;\;T"?"‘ctuatlon Between
- Mountains

Large phase fluctuatlon has often (13/22) been observed W|th -
the antennas between Cerro Chajnantor and Cerro Chascon |

WVR phase correction works weII

Asaki, ~|\/Iatsushita, et al. .2(.)16;
WV turbulence due to the mountalns | Proc. SPIE, 9906, 99065U

Band 6, PWV = 1.0 mm

Baseline Length [m]
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3. Large Phase Flif‘"ctuatlon Between
- Mountains

Better not tO construct telescopes between mountams

Probably not the east S|de of Cerro Chajnantor and the
~west side of Cerro Chascon t@o

Radlo seemg monltor can measure thls effect.

@ Cerro r By, S

n ChaJn:a\nt.’

Band 6, PWV = 1.0 mm
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Summary

- .Water Vapor Radlometer (WVR) phase correctlon works weII
“5 for ALMA, espeC|aIIy when PWV Slmm.. |
;-'Spatlal Structure Functlon (SSF rms phase Vs basellne Iength) .

o — Often has turnover around 1 kmv_bf"’.sellne Iength and the sIope WI|| be .
shallower at Ionger baselines.: 8 S | ~

‘Longer baseline (>> 10 km) is pro‘lslng, |f comblne W|th other |
phase correctlon methods (fast ;*'j'"'tchlng, band -to-band, etc.).

'_If AtLAST Iocates far (> 10 km) fr',;;ALMA and gomg to link

with ALMA; it needs WVR and capablhtles of other phase
- correction methods P

Anomalous refractlon may occasionally affect the telescope
pointing at high frequencies.

Better not to construct AtLAST between mountains.



