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The ALMA Phasing Project

Use the whole ALMA as one single (VLBI) station.
Large increase in sensitivity (and image fidelity) for mm-VLBI.
Will reach a few 10s of pas resolution!

See Fish et al. (arXiv:1309.3519)
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The ALMA Phasing Project

Use the whole ALMA as one single (VLBI) station.

Large increase in sensitivity (and image fidelity) for mm-VLBI.
Will reach a few 10s of pas resolution!

Will improve sensitivity by a large factor.

PdB CARMA
P. Veleta 0.063 0.076
PdB - 0.058

CARMA
SMTO
APEX

Baseline sensitivity (Jy) at Imm for 10s int. time

See Fish et al. (arXiv:1309.3519)
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The problem of ALMA phasing for VLBI

High-quality phasing in the mm/submm regime is challenging, especially
for VLBI use. We need state-of-the-art solutions for some important
problems, e.g.
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High-quality phasing in the mm/submm regime is challenging, especially
for VLBI use. We need state-of-the-art solutions for some important
problems, e.g.

Real-time track and correction of atmospheric phase contribution
(possibility of flagging and/or weighting antennas based on
atmosphere).

Different frequency sampling in digitizer (2" MHz sub-bands for VLBI;
62.5 MHz sub-bands for ALMA).

Polarization compatibility (ALMA registers in X/Y base; VLBI
stations register in RCP/LCP base).
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ALMA polarization for VLBI

Roy et al. (2013). APP polarization White Paper

Final strategy is

Record X/Y phased-up streams at ALMA.
Record RCP/LCP streams at the other stations.
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Roy et al. (2013). APP polarization White Paper

Final strategy is
Record X/Y phased-up streams at ALMA.
Record RCP/LCP streams at the other stations.

Cross-correlate all polarization products (i.e., visibilities in
mixed-polarization basis): X/R, X/L, Y/R, Y/L
Convert to pure circular basis (RR, LL, RL, LR) after correlation.
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ALMA polarization for VLBI

Roy et al. (2013). APP polarization White Paper

Final strategy is

Record X/Y phased-up streams at ALMA.
Record RCP/LCP streams at the other stations.

Cross-correlate all polarization products (i.e., visibilities in
mixed-polarization basis): X/R, X/L, Y/R, Y/L
Convert to pure circular basis (RR, LL, RL, LR) after correlation.
The main advantages are
e Minimum hardware implementation.
o Flexibility for post-processing.
e Easy adaptability for future X/Y-based stations.
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Mixed-polarization correlation (with phased array)

Each ALMA antenna has independent corrections in the X/Y base, but all
streams are added equally.
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Mixed-polarization correlation (with phased array)

Each ALMA antenna has independent corrections in the X/Y base, but all
streams are added equally. In RIME formalism:

N

1 ; P . : .

B(%’fi =N E Béai K!, where K| is the overall gain matrix for antenna i
i

(i.e., with bandpass, amplitude, and phase corrections).
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Mixed-polarization correlation (with phased array)

Each ALMA antenna has independent corrections in the X/Y base, but all
streams are added equally. In RIME formalism:

N

1 i P . : .

Bg’fﬁ =N E Béai K!, where K| is the overall gain matrix for antenna i
i

(i.e., with bandpass, amplitude, and phase corrections).

) B: 0 1 0 1 DI
K, = X X
0 B 0 &« D, 1
(B) (DB S
K+ = so that BéaG = B(O): (K+) C_;,.@

(D, B, &) (B, &)
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Mixed-polarization correlation (with phased array)

Each ALMA antenna has independent corrections in the X/Y base, but all
streams are added equally. In RIME formalism:

N

1 ; P . : .

B(%’fi =N E Béai K!, where K| is the overall gain matrix for antenna i
i

(i.e., with bandpass, amplitude, and phase corrections).

) B: 0 1 0 1 DI
K, = X X
0 B 0 e D, 1
(B (DeBi) L
K+ = so that Béa@ = Béi (K+) C_;,_@
(D, B, &*) (B, &)

Conversion fully implemented in our software, PolConvert. _
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Simulation results. Unpolarized source

VLBI MIXED-POL

10 ALMA antennas (XY basis).

Different X/Y gains (BP, G, K,
and D) in each ALMA antenna.

1 VLBI station (RL basis).

PHASE (DEG.)

Realistic simulation (thermal
noise, signal quantization, etc.)

16 20 30 40 50 60 70 J 0 20 30 40
CHANNEL CHANNEL

VLBI POLCONVERT

Simulation output:

it sgniseis » ALMA cross-products
(MS).
» VLBI fringe (SWIN).

30 40
CHANNEL
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Tests with real data I: Onsala-Effelsberg at 86 GHz

Thanks to COST Action MP1104 for travel support to MPIfR! «O0>» «F» «E» «E)» E 9Oae
I. Marti-Vidal (OSO) EVN Symposium 2014 8 /11




Tests with real data I: Onsala-Effelsberg at 86 GHz
Performed during a GMVA fringe test on May 2014.
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Tests with real data |I:
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Tests with real data I: Onsala-Effelsberg at 86 GHz

Performed during a GMVA fringe test on May 2014.
Removed the quater-wave-plate at Onsala.
Onsala recorded on XY base and Effelsberg in RL base.
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Tests with real data I: Onsala-Effelsberg at 86 GHz

Performed during a GMVA fringe test on May 2014.
Removed the quater-wave-plate at Onsala.

Onsala recorded on XY base and Effelsberg in RL base.
DifX computed the mixed-polarization visibilites.
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Tests with real data I: Onsala-Effelsberg at 86 GHz

Performed during a GMVA fringe test on May 2014.

Removed the quater-wave-plate at Onsala.

Onsala recorded on XY base and Effelsberg in RL base.

DifX computed the mixed-polarization visibilites.

PolConvert was used to convert visibilities to pure circular basis.

2 _

Thanks to COST Action MP1104 for travel support to MPIfR! «O0>» «F» «E» «E)» E 9Oae
I. Marti-Vidal (OSO) EVN Symposium 2014 8 /11




On-Eb mixed-polarization fringes
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On-Eb final pol-converted fringes
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Conclusions

mm-VLBI allows us to reach the highest spatial resolution.

With the ALMA Phasing Project (APP), ALMA will be used as one single
mm-VLBI station.
mm-VLBI will double its spatial resolution and increase its sensitivity by a factor of

several.
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Conclusions

mm-VLBI allows us to reach the highest spatial resolution.

With the ALMA Phasing Project (APP), ALMA will be used as one single
mm-VLBI station.

mm-VLBI will double its spatial resolution and increase its sensitivity by a factor of
several.

We must solve essential problems for APP to succeed: real-time phase corrections,
different time sampling, and polarization compatibility.

We have developed an algorithm for the calibration/conversion of visibilities in

mixed (linear/circular) pol. basis. Gain, bandpass, and leakage corrections from
the different phased antennas are considered.
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Conclusions

mm-VLBI allows us to reach the highest spatial resolution.

With the ALMA Phasing Project (APP), ALMA will be used as one single
mm-VLBI station.

mm-VLBI will double its spatial resolution and increase its sensitivity by a factor of
several.

We must solve essential problems for APP to succeed: real-time phase corrections,
different time sampling, and polarization compatibility.

We have developed an algorithm for the calibration/conversion of visibilities in
mixed (linear/circular) pol. basis. Gain, bandpass, and leakage corrections from
the different phased antennas are considered.

We have implemented this algorithm in a program, PolConvert.

We have tested PolConvert with simulations and real data (mixed-pol VLBI and
preliminary APP fringes).

The VLBI visibilities are converted satisfactorily into a pure circular basis.

A similar strategy can be applied in future wide-bandwidth VLBI observations.
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Tests with real data Il: ALMA Phasing 100 GHz
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Tests with real data Il: ALMA Phasing 100 GHz

These are the first phasing tests at ALMA. Very preliminary results.
Phased-up three antennas.

Cross-correlated individual antennas among them and to the phased
signal.
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Tests with real data Il: ALMA Phasing 100 GHz

These are the first phasing tests at ALMA. Very preliminary results.
Phased-up three antennas.

Cross-correlated individual antennas among them and to the phased
signal.

DifX computed the linear-polarization visibilites.

PolConvert was applied twice to convert visibilities to pure circular
basis.
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First Phased-ALMA fringes!
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First Phased-ALMA fringes!
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First Phased-ALMA fringes!
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First Phased-ALMA fringes!
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First Phased-ALMA fringes!
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First Phased-ALMA fringes!
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First Phased-ALMA fringes!
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Simulation results Il. Linearly polarized source

Stokes parameters (Jy): / =1.0, Q =0.1, U=0.0, V =0.0

VLBI UNCALIBRATED VLBI POLCONVERT

Par. Angle = 0 deg. 150) |Par. Angle = 0 deg.
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On-Eb quick pol-converted fringes
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