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ALMA Specification MOJ

Observatory of Japan

The error in polarized flux for a source where the
circularly and linearly polarized fluxes are zero shall
be no more than 0.1% of the total intensity on axis
after calibration.

It shall be possible to determine the position angle of
linearly polarized flux density to 6°.
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Basic Equation CJ

National Astronomical
Observa tory of Japan

\7X \7 =1 +Qcos(2y,.)+Usin(2y )

m

\7Y \7 =1 -Qcos(2y,,)—-U sin(2y,.)

m

V, V, =1(Dy,_+D;)-Qsin(2y,,)+U cos(2y,,) +iV
V, Vy =1(D, +Dy )-Qsin(2y,)+U cos(2y,,)—iV

(D72, D*Q, D*U, D*V neglected)

e D-term calibration is the most critical part of
polarization observation
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Polarization Leakage D-term MSOJ

Observatory of Japan

Instrument ____| Typical D-term level

VLA <5% www.aoc.nrao.edu/~gtaylor/
calman/polcal.html

VLBA 1-7% VLBA Scientific Memo #30

SMA 1-5% D. Marrone’s PhD thesis

Even if the system is designed very well, D-term can be ~5%.
* Primary reason: polarization separation at frontend

. £ Power
._ Combiner

P wave : transmitted
S wave : reflected

Osaka Prefecture Univ.

Wire grid type | ||

ALMA B7/9/10 % Pol H gﬁ:?fuﬂg?:n ALMA B3/6/8
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Direction dependence D(6) NA@J

Observatory of Japan

Off-axis instrumental polarization (VLA)
E—plane . 08 September 1994 average of 6 scans
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* Reflection -> Xpol € Ypol ApSraema a8 (. Cotton)
e D will vary across the primary beam (off-axis D)

— Removal of this effect is necessary for accurate wide-field
polarization imaging
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P 4
Commissioning items, so far NA@J

Observatory of Japan

1. On-axis D level, frequency structure
2. On-axis D Stability
3. Direction dependence of D (off-axis)
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Band 3 On-axis D-term
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e Typically 1-3%

* Frequency
structure +/- 0.5%
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Gain: Real Part

Gain: Imaginary Part

D table: 3c279 B6.ms.split.DfOsky refant-Dv23
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e Typically 2-5%

* Frequency
structure +/- 0.5%
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Band 6 (bad antenna) OJ
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Band 7 On-axis D-term NP /T

Observatorg of Japan
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\-\__,\:' POlarizatiOn image (Band 3) National Astronomical

Observatory of Japan

AAAAAAAAAAA

B Quasar 0J287

rms
=(few x 0.1%) of Stokes |

2000 Right Ascensior

[[[[[[[[[[

* | =

-
Bl =(few x 0.01%) of Stokes |
¢ Without D-term calibration, polarization image < 1%

 |Image rms improves a factor of ~10 by applying D-term solution
-> 0.1% polarization is detectable (meets ALMA specification)
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Stability at Band 3 NACJ

National Astronomical
Observatory of Japan

D table: 1924 B3 _AUG20_CROSS.ms.FO.split.DfOsky
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The blue (Dx) and red (Dy) represent the data on 2012/Aug/18, the yellow (Dx) and green
(Dy) represent the data on 2012/Aug/20.

e <0.3% difference between two observations at B3

e Shorter timescale (~hrs) stability is also confirmed
(CSV-2440)
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P 4
Direction Dependence I\M@J
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How do we treat D(0)? NA@J
ALMA

ATACAMA LARGE MILLIMETER ARRAY

e Full calibration of off-axis D-terms needs
polarization beam measurement

* Cycle 2 -> Calibration transfer from on- to off-
axis (no off-axis calibration)

— Polarization imaging is limited to the angular range
where (D - D,,,) is small enough
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FWHM of the primary beam
e

El [arcsec]|
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Band 6 (Analysis by K. Nakanishi)
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Fractional polarization [%]
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BiIXxws

Polarization sensitivity vs. offset I‘"‘@"

Observatory of Japan

rms on polarization image
as a function of offset
from the on-axis

Angular size < FWHM/3

— 1% accuracy is feasible
(with N of baseline > ~25)

— 0.5% accuracy might be
achievable


http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=BOd4J-BcC-2WcM&tbnid=9Wb0vAUqLBwp7M:&ved=0CAUQjRw&url=http://www.nro.nao.ac.jp/press_release/higuchi/press.html&ei=WPUhUe_kJuKNmQWRkYCwAg&bvm=bv.42553238,d.dGI&psig=AFQjCNHdZ15gEIMNA71s3pNOM6zMgww8_g&ust=1361266389968479
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=BFMHIecQRfCgkM&tbnid=LMMI7THMiLmcWM:&ved=0CAUQjRw&url=http://www.nro.nao.ac.jp/press_release/higuchi/index.html&ei=pfUhUenVOeeHmQWSy4HoAQ&bvm=bv.42553238,d.dGI&psig=AFQjCNERGrMAer4SZH44L5NLGXplwhv43Q&ust=1361266468080168

eSS GJ

Summary e ot

Ob sssss to gofJ p

e D-term < 5% at B3/6/7 with the exception of few
antennas
e Good stability

* 0.1% polarization level is detectable for the point
source

e Less than 1% polarization level is achievable in
the area up to FWHM/3
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Preliminary Cycle 2 Capability NAOJ

Observa tory of Japan

e Fixed frequency in band 3/6/7, TDM mode
e Continuum only (no spectral line observation)
* Linear polarization only (no circular polarization)
* Small angular size (8, ,c<FWHM/3), no mosaic
* No ACA, No TA
e Calibration strategy is still controversial

— D-terms are measured in each execution or JAO
provides D-term table?
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polarimetry

e Spectral line polarimetry

— Need bright calibrator to
determine D on per-channel
basis

* Not always found near the
target

* Provides calibration table to
users

— AD(0) is frequency dependent |

e Acceptable angle for the
calibration transfer from on- to
off-axis might be severer

BI1IXxszs

Towards future cycles: spectral line NA@J

National Astronomical
Observatory of Japan

D table: B3mosaic.ms.F77.DfOsky
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Significant 6 dependence I

Less significant
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Towards future cycles: polarization ﬁ@J

National Astronomical

bea m measu rement Observatory of Japan

Laocation of the planned Absorber
cormmumnications tower
Photo-mixer
EDFA = =
Isolator
WR10 Manually Motorized
rotatable Rotatable
Small Wire-grid

Wire-grid 120mm¢

e Artificial noise source at high site (H. Kiuchi, R. Hills)
— linear polarization signal
— Rotatable -45deg < PA < 45deg

e Useful for the polarization beam measurement
e For the moment only at band 3
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Towards future cycles: circular ﬁ@-’

National Astronomical

p O I a ri Za t i O n Observatory of Japan

F9.split.StokesV.image

FWHM of the primary beam

e Correction of beam-squint is
critical for circular polarization =3
Imaging
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appendix NACJ

National Astronomical
Observatory of Japan
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More detailed specification NA@J

Observatory of Japan

 ON-axis instrumental polarization:
— a) D-terms < 10% before calibration,
— b) D-terms < 1% after calibration

— ¢) this applies over 30 degrees of antenna motion in azimuth
or elevation and with a calibration interval of 4 hours.

e OFF-axis instrumental polarization:

— a) D-terms < 10% before calibration but after the ON-AXIS
cross polarization has been subtracted. This applies out to the
-6dB contour of the primary beam;

— b) D-terms < -34 dB after calibration and after ON-AXIS cross-
polarization has been removed;

— ¢) this applies over a range of antenna elevation of 5 to 80
degrees and with a calibration interval of 20 days.
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