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A radio interferometer is an instrument for obtaining Fourier

SRS SR v

Components of the brigh‘mc—:ss distribution of the 5|<9.

5 aesssss °* Fromone pair (baselme) of two antennas, we can

pr——— obtain one Fourier component

ddabh

* Fourier Series bg Euler’s Formula (1~climension)
* f)=x Crexp (127D x/A)

* n: 1D of the Baseline

D.: Distance between two antennas.

* ) Observing wavelength

i Sl s & (i PR et B T LIl b S e 1 g . i

* x> /2 Spatial Frec]uencg

2 Cn=rr,~exl:> (ip,): Complex Fourier coefficient

b5 “Ampli’cucle” / @..>Phase”

O e T R e

Raw data
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But, the observed Fourier coetficients are

{

not the ac:tual \/alues o‘C tlﬁe ce!estia. target.

o The Fo”owing things change the Fourier coefficients.
* Farth atmosl:)here (esl:)eciallg, water vapor for mm,/ sub-mm wave)

. Ununhcormitg and time variation of the antennas, receivers, cables) circuits,

cEE

+ The error of the antenna location, and the deformation of the antennas.

» ctasebtcetc.

+ “Calibration” of the interferometric data is to reduce such efHects and obtain

the true Fourier coeticients of the celestial target.

* Ac’cua”u, to obtain true “Amplltude” and “Phase” of the target we measure

the lmquences of the above egects and applu them to the raw data.




" How to measure the influences? [Phase]

o All Phases of the Fourier coml:)onents of 6 function are O.

P e, T AREEN s

* “The 6 function in the 5|<9” (=2 Point source) is a celestial E
objec’t that is much smaller than the sgnthesizecl beam of the

interferometer (= the spatial resolution of the interferometer).

B in 0 M bl o Ll b S s i e

%._ s Therefore, the Phase when observinga Point source indicates

~

the Phase shi
page.

t caused bﬂ things mentioned in the Previous

— S N e b Aty (s Siimbibiiho - o s

» 1o obtam thc phase sh Fts wWe observe a br:ght quasar near a

scxentxﬁc tarzet Frequentlu durmz an observatlon




CAL_DELAY |-

Measurement set = uid___ A002_Xbbadbe_X5c89.ms - Start time = 2016-12-13T13:25:50 - End time = 2016-12-13T15:23:41

CAL_POLARIZATION -

CAL_ATMOSPHERE
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CAL_BANDPASS |

CAL_PHASE |-

CAL_SB_RATIO |-

CAL_FLUX |

CAL_AMPLI |-

CAL_POINTING |- -

JBS_CHECK_SOURCE|

OBS_TARGET |-

20
Minutes since start of observation

Time (min) since the start of the observations

Observe a quasar

) ’ Observe the Sun




L

i e S

- DA PR i o i A izl

i

W g

e

Phase (degrees)

An example of Phase shift &

a result of the Phase calibration

Observation of a quasar (banclpass calibration)

Phase vs. Time
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ex. The time variation of Phase shift (DVO1) cluring the bancjpass calibration
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-. Dhcﬁcultg of tlhé Phase calibration

l . . h |
for solar observations with ALMA
» Because the sensitivity of the receiver is reduced for observingt’le Siin,
{
we have to s&lec’t a bright quasar (>1 Jg) as a Phase calibrator. Such
bright quasars is not so many, especiang in higher observing prequencies. |
_____________________________________________ Figure 2 of Shimojo et al. (2017) i
/ o 3 The bright quasars near the Sun "
- ~——" 1| [>05 Jyat Bandé]
o - f ] » There is no bright quasar near the Sun
5. | around earlg Julg!l
_ * The brigh’mess of a quasar varies in
2 - time. So, we have to revise the Plot |
B ‘: CVCFH CgClC. :

R R T T O T et e e e U B e S e
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How to measure the influences?

[Aml:)htucle: 11 Method

» A raw data from the correlator is a “normalized” correlates cocncﬁcient(p). tlence
the data does not include information about the absolute value of Ampli‘cude,

include on|9 the relative variation.

* To convert the normalized correlates coefficient to Ampli‘cude (= Correlated Flux

Density Scij) , we use the Fo”owing relationsl‘nips.

‘\ / TCiTCj 2k\/(Tanti e Tsysi)(Tantj o TSySlj)
ij T

“c”: correlated component SRl

= S e p,.j\/ SEFD,SEFD;
\/ Tanti i+ Tsysi\/ Tantj + Tsysj AeiAej
R e System Equialent - (T +T,) 2,
A e A effective area of the antenna ]:lux D CnSitH Ae Ae

S: flux densit

T outPut power from the receiver converted to tempcrature

“ant": power caused 139 a target (antenna tempcrature) ;
“595”: power caused bg receiver itself & blank skg (systcm tempcrature) Tant < ngs t




Measurement set = uid___A002_Xbbadbe_X5c89.ms - Start time = 2016-12-13T13:25:50 - End time = 2016-12-13T15:23:41

CALDELAY L i e s SOOI OO

CAL_POLARIZATION 3 -------------------------------- e s .

CAL_SB_RATIO 2 ................................................. S e T

CAL_POINTING 1I4 -------- I ------- """"""""""""""""" """""""""""""""" """""""""" Obscrve the blank Skﬂ

CAL_ATMOSPHERE H- |- ft--- o fl - 3 i
_ I | for estimati Ng Toys

CALFLUX| B R ——— [ S EBO O SO T

CAL_AMPLI 5 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA P o R —

CAL_BANDPASS |....... . ...................................... O OSSO R OSSO
CAL_PHASE[ I ----------------- I ------------- I ------------------ I ------------ I ----------------- I ------------------ :

JBS_CHECK_SOURCE|- oo

Tgpe of scans

OBS_TARGET |- 3

20 ‘ 40 ‘ 60 T80
Minutes since start of observation

Time (min) since the start of the observations
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How to measure the influences?
[Amplitucle: 2] ALMAS standard

In the standard calibration scriPt for non-solar QA2, we do not use the

.

eHective area of the antenna (A.) for the amPIitucle calibration, and onlg |

Tsys is used as follows because G e ngs” in most non-solar cases.

Scij_nonscale = \/ TSySiTSij = ij

To establish the absolute flux scaling coml:)aring between the flux clensitg
of a bright quasar (=ﬂux calibrator) recorded in the calibrator catalogue
with the observed value (SCijﬁonscak) of the same quasar, and estimating

the factor for the flux correction.

+ Calibrator Catalogue: https:// almascience.nao.ac.jp/ alma-data/ calibrator~catalogue

10
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How to measure the influences?
[Amplitucle: 3] For solar observations

R

neglec’t e and have to use the Fo”owing formula.

595” is not valid, because T ok the Sunis larger than Tsys- SO, we cannot

SCl] nonscale — \/ ( antl SySl)( ant] SyS]) Pi ij

» To calculate the above , we estimate T, for all antennas, all spectral winclows, all

correlations (XX and YY) : and all sub-scans (everg 30 sec for sing|e~[:>ointing, every 7
sec for MOSAIC) .

» Since we have to use the data from the SQIL D for the estimation, we assume that

diis the same in all channels of a spectrum window.

» Due to the process of estimating T, the standard calibration of QA2 for solar

interferometric data takes longer than one night, in present.

s The processes atter calculating SCg_nonscak are the same as those for non-solar data.

* |n most solar cases, a bandpass calibrator is used as a flux calibrator.

11
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The list of the current issues in the standard

calibration in QA2 of solar interferometric data

in Band?.

Anomalg of e |

L arge variation of T .in a sub-scan.
Asgmmetrg of the brightness difference between XX and VY.
. How to establish the flux calibration between sl:)ectrum windows?

The inconsistent of the flux calibration method between

interferometric and single-clish observations.

* 4 and 5 are closelg related to the single—-dish calibration.

12
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2. Large variation of T...in a sub-scan.

s output power From the receiver caused 139 a target.

* The value is derived using the data of the SQLD and the FO”owing Formula,

because the clgnamic range omc the corrleator Is not enough For the Calculation.

Antenna Temperatures of on-disk (Quiet Sun) with Band6 (239 GHz)

Py, — P P.—P
oy = o0 M T gy g CM DA DV
P, off — J Zero P hot — /5 cold

a cold-load observation P4 (also known as the ambient load), in which an absorber at the I f \\/
temperature of the thermally controlled receiver cabin (nominally 15 — 18° C) fills the beam 0 rv‘ \J/ A 4
path;

5000

a hot-load observation P, in which an absorber heated to about 85° C fills the beam path,;

Antenna Temperatures [K]

4500

a sky observation Py, offset from the Sun (typically by two degrees) and at the same

4000

elevation. The attenuation levels of the attenuators in the IF chain are the same as that for ”

the measurement of P.yq and P ;

an off observation Pyr, which is the same as the Py, except the attenuation levels are set to 3500

the values optimized for the Sun;
a Sun observation Py, , which is at the attenuation levels of the target (Sun);

a zero level measurement P,.,,, which reports the levels in the detectors when no power is

being supplied.

Shimojo et al. (2017)
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5. Asgmmetrg of the brightness difference between XX and Y.
[E)ackgrouncl]

* Excel:)t for thc limb observations, the whole FoV is covered bg the
Sun. So, we cannot use blank 5|<3 (an area included no radio

sources) in an image for evaluating the noise level of an image.

« Instead of blank skg, we evaluate the noise level of a solar image from
the ditference between XX and YY images (ortlﬂogonal Polarization
data). For the evaluation, we assume that the Polarization clegree

from the Sun is negligible small. (Shimojo et al. 2017)

* To estimate the noise level, the calibration of interferometric data is

carried out for each Polarization (XX YY), inclepenclentlg.

7
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Succeeded examlale of estimating noise level
from the difference between XX and VY.

Y (arcsecs)

Distribution of Brightness / Black: XX, Red:YY
1.5x10°

1.0x10%

# of pixels

5.0x10%

-600 -400 -200 O 200 400 600 80O
Brightness [K]

# of pixels

30 18 8 K 18
Differantial [K]

Distribution of ¥Y-XX

3x10T
2x10%

1x10°

-60 -40 20 @ 20 40 &0

Differential [K]
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E’)ancb Sunspot
from MOSAIC.

Shimojo et al.
wieln

Noise level: 3.7k
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Unsucceeded example of estimating noise
level from the ditference between XX and VY.

Project ID:2016.1.015%2.S PI: Bin Chen
EB ID: uid://A002/Xbtb22d/X5%da

* XX image ditfers
from and YY images

# of Pixels

=50 4] S0 1800 — 1000 =50 ] 500 AG00
Difference XX-YY [K] (XX-YY) /Stokes-I [%] S igi n i‘ﬁlca n‘tly ?g
7 Y S O

Ofttset trrom “O”:

Width of the gaussian: 316 K / 210%

= ?
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. What’s happen?

“The Phase calibration is Partia||9 failedr

Phase (degrees)

. Time

14:22.00  14:2400  14:26:00
2017/04/27) (hh:mm:ss)

145“!;18 (from
Time variation of the Phase
Antenna Positions for X53da_11_sel

P

C

(DV59-DV22)

ooooo

11111

SSSSS

uuuuuuuuuuuu

DDDDDDDDDDDD

DDDDDDDDD

.....

AAAAA

ooo

e The Phase of the Sun is well
measured, and the (relative)

time variation of XX is the same
as that of VY.

> ‘Bl there is a large offset
(=70 cﬂeg.) between XX and YY.

o The offset is also shown at the

banclpass calibration.
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It the Phase calibration is carried

out using both XX and Y clata)...

* (Use “gaintgpez“r’” of the
“gaincal" task, instead of “G”.

* “gaintgpc:‘T’” is the standard
of ALMA QA2 calibration.

KAV All—ant KXY All—ant (7)

Phase (degrees)
@

IIIIIIIIIIIIIIIII
1111111111 14:24:00 14:26:00 14:2
(from 2017/04/27) (hh:mm:ss)

Time variation of the Phase (DV59-DV22)
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4. How to establish the flux calibration

between 5|:>ectrum windows?

* When we estimate the sPectrum from onlg the images sgnthesizecl
from each sPw Glata) the Precision of them cJePends on onlg the
Precision of the calibration of the interferometric data. Itis the

same as most oF the non~so|ar cases.

s To obtain the sPectra of the structures on the solar disk,
cspecia”9 of the stable one, the combining of the sgnthesized
images and the full-sun maps obtained with 5ing|<—:~clish

observations is essential.

* Inthe case, the Precision of spectra cle!:)ends on mainlg the

Precision of the calibration of single-dish data.
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E‘xample of cleriving a sl:)ectrum map

* Data: SV data “Sunspot observed with MQOSAIC/ Bandé ”

* Before estimating the spectra of each Pixel) we convolve all Images using all sgntlﬂesized beams of each SPW. The
method is the same as that for NoRH data.

* [lSSUCS] D Normalization USiﬂg CllS‘( center Va[UC in thé 5 calibration. (In the case clisp]ageci in the page, | removed the normalization).

2) one SPW of SD map shows large discord.

__ALMA 230 GHz 18-Dec-2015 _ ALMA 232 GHz 18-Dec-2015 ALMA 246 GHz 18-Dec-2015 _ ALMA 248 GHz 18-Dec-2015

-0.85 -0.20 0.24 0.68

Beam-Conovluted Images 18-Dec-2015

Average Spectrum / Spec. Index:-0.04

SPW#02

D

0.0 L K L 240
Spectrum Index Frequency [GHz]
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Example of deriving a sPec’trum map

+ Data: SV data “Suns[:)ot observed with MOSAIC/ E)ancﬁ 7

ALMA 92 GHz 16-Dec-2015 -Dec-: A -Dec-: ALMA 106 GHz 16-Dec-2015

-0.52 —-0.15 0.23 0.61
ALMA Spec. 16-Dec-2015

Beam-Convolued Images 16-Dec-2015 - -Dec-: - -Dec-: Beam-Convolued Images 16-Dec-2015

Hve 1ge Spectrum / Spec. Index:-0.01

100
Frequency [GHZz]
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5. The inconsistent of the flux calibration method

between interrerometric and singl@-clis]ﬁ observations.

» Interferometric data

o Calibrate the sensitivitg variation of the antennas usingT and 2

595

* Flux sca]ing is established bg coml:)aring the flux densitg recorded in the

cata ogue with the observed Value.

\ Single——c ish data

» Calibrated the flux using ngs, BE and the effective area of the antenna.

» Flux calibrators cannot be observed with singl@-clish) because the

sensitivity of the single-clish s not enougl‘n.

The inconsistent of the methods influences to combined images or not?

e
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End

Thank you for your attention.
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