
High-resolution observations of selected jets - Overview
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Observing the collimation and acceleration region of AGN jets 
with the GMVA+ALMA at λ3 mm
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Record-breaking arrays
Source 
[B1950.0/ID]

DL
[Mpc]

RadioAstron
𝜆𝜆18cmα/ 6cmβ/ 1.3cmγ

GMVA+ALMA 
𝜆3.5mm

EHT 
𝜆1.3mm

1322−428/Cen A 3 Feb14γ,‡,T — Apr17Mu+Apr18Mu +Apr19J,✤

1228+126/M 87 16 Mar14β,S+Jun14α,S+ May18γ,S Jan17◆,Lu+Apr17*,As+ 
Apr18Lu+Apr19*,H+Apr20Km

Apr17D,1-6+Apr18D+Apr20D

0238−084/NGC 1052 18 Sep16γ,‡,Bk Apr17*,Bk Apr17Ka

1652+398/Mrk 501 142 Mar15β+γ,Gi Apr17*,Ma+Apr18*,Ma

+Apr19*,Ko
Apr17Ko +Mar19Ko,✤ +Apr20Ko

1957+405/Cyg A 232 Sep18γ,Bh Oct18*,Bh+Oct19*,Bh Apr19Ki,✤

1226+023/3C 273 787 Jan14γ,Go,7+Jun14α,Go+ 
Feb15γ,S +Feb18α,Go

Apr17Ak,8+Apr18Lo Apr17†+Apr18†+Apr19S,✤

+Apr20S

0851+202/OJ 287 1637 Apr14γ,Go+Apr16α+γ,Go+ 
Mar17γ,Go+Apr18γ,Go+ 
Mar19γ,Go,✪

Apr17Go+Apr18Go+ 
Apr19Go,✬+Apr20Go

Apr17Go+ Apr18Go +Mar19Go,✤

1510−089/OR −017 1804 — Apr17*,Ma +Apr19Mc,✬ Mar19Mc,✤

1253−055/3C 279 3180 Mar14γ,Go+Feb15γ,S+Jan18γ,Go Apr18Lo Apr17Kr,4,9+Apr19Lo,✤

1641+399/3C 345 3580 Mar16α,Go+May16γ,Go Apr19Go,✬ —

1055+018/4C 01.28 5560 — May16*,A +Apr18◆,R Apr17†+Apr18A

VLBI resolution is enhanced by making observations
at shorter wavelengths (millimeter VLBI) or at longer
baselines, for instance by employing an orbiting
radio telescope (space VLBI). At mm-wavelengths,
the coherence times are shorter, atmospheric
absorption becomes important, and less antennas
are available: the addition of beamformed ALMA to
the Global Millimetre-VLBI Array (GMVA) at 𝜆3.5 mm
(and to the Event Horizon Telescope (EHT) at
𝜆1.3 mm) enhances dramatically the SNR in the
observations and the image fidelity with the sparse
arrays. ALMA is the only large antenna operating at
𝜆3.5 mm in the Southern hemisphere and provides
therefore unprecedented N-S resolution (also now
with the inclusion of the Greenland Telescope in the
array).

Green, scheduled for next ALMA Cycle; boldface, presented below; *: No ALMA; †: As calibrator; ‡: No space fringes 
detected; ◆: HSA; ✤: Session cancelled; ✪: No Spekt-R available; ✬: ALMA lost due to bad weather
Projects led by following PI: A: Alberdi, Ak: Akiyama, As: Asada, Bh: Bach, Bz: Baczko, D: Doeleman, Gi: Giovannini, 
Go: Gómez, H: Hada, J: Janßen, Ka: Kadler, Ki: Kino; Km: JY Kim; Ko: Koyama, Kr: Krichbaum; Lo: Lobanov, Lu: Lu, Ma: 
Marscher, Mc: MacDonald, Mu: Müller (transferred to ER+MK, processed by Janßen), R: Ros, S: Savolainen, T: Tingay.  
1-6: EHTC et al. ApJ 875, L1-L6, 2019; 7: Bruni et al. A&A 604, A111, 2017; 8: See talk by Okino et al. on Tue 15oct; 9: JY Kim 
et al. in prep.  
Notice that also Sgr A* is being observed by the three high-resolution facilities.
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EHT PREDICTION 
SRMHD simulation
Fromm+ (in prep.)
𝜆1.3mm

Testing binary BH model and understanding jet formation in OJ 287 
OJ 287 has been suggested as the most promising candidate for hosting a tight super-massive 
binary black hole system.  A large observing campaign is addressing this target (PI J.L. Gómez)

M 87: the jet emerging from the black hole shadow
The resolved extended emission in the black hole shadow image of the EHT corresponds to
the jet (and possibly also thecounter-jet) in the galaxy, as shown by the GMVA 3 mm images
by Kim et al. (2018). The GMVA observations have a far improved (u,v) coverage (bottom
right) with the inclusion of the north-south ALMA baselines. Preliminary results from 2018
are shown below.

GMVA

ALMA-EU

ALMA-USALMA-GBT SNR ~100 ALMA-PV SNR ~80

Cross-hands

ALMA-GBT SNR ~10 ALMA-PV SNR ~10 ALMA-VLBA_LA SNR ~8

Top: EHT (left; EHTC et al. 
ApJ 875, L1) and pre-ALMA 
GMVA (right; Kim et al. A&A A&A 
616, A188, 2018) images of M 87.  

Parallel hands

Middle and 
bottom: post-
calibration POSSM 
(𝐴𝑖𝑗(𝜈) & 𝜑𝑖𝑗 (𝜈);top, 
left) and fringe 
plots (rest) of the 
GMVA+ALMA 
observations from 
April 2018 (R.S. Lu et 
al., in prep)

Bona-fide detections of AGN
Baselines to ALMA provide detections with SNR 
larger than 1000.  Here examples from 2017 and 
2018.
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Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 23 segs, 37 APs / seg (18.94 sec / seg.), time ticks 30 sec

UValidity
L

A B

86124.00 Freq (MHz)
-54.6 Phase
2.6 Ampl.
119.9 Sbd box
820/0 APs usedU/L
0 PC freqsA
1000 PC freqsB
0:0 PC phaseA:B
0:0 Manl PCA:B

PC ampA 1000
1000B
W00UR Chan idsA
W00UL Chan idsB

86156.00
-50.6
2.5
119.9
820/0
0
1000
0:0
0:0
1000
1000
W01UR

W01UL

86188.00
-29.0
2.3
119.2
820/0
0
1000
0:0
0:0
1000
1000
W02UR

W02UL

86220.00
-41.0
2.2
119.8
820/0
0
1000
0:0
0:0
1000
1000
W03UR

W03UL

86252.00
-47.1
2.1
119.0
820/0
0
1000
0:0
0:0
1000
1000
W04UR

W04UL

86284.00
-46.8
2.3
119.7
820/0
0
1000
0:0
0:0
1000
1000
W05UR

W05UL

86316.00
-57.3
2.1
119.3
820/0
0
1000
0:0
0:0
1000
1000
W06UR

Tracks
W06UL

Tracks

86348.00
-45.3
2.2
119.8
820/0
0
1000
0:0
0:0
1000
1000
W07UR

W07UL

All
-46.6

2.3
119.6

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

1.35115766002E+04
1.35115614683E+04
1.35116350938E+04
1.15469929040E+00

-6.2

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

1.35116350953E+04
-2.1311331E+03
-7.9999999E-07

1.15469920633E+00
-6.97442807438E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

4.00489E-03
-7.36270E-02
-1.50139E-06
8.40661E-08

-46.6

+/-
+/-
+/-
+/-
+/-

2.4E-05
1.9E-04
4.1E-08
1.7E-10

1.3
RMS Theor. Amplitude 2.289 +/- 0.025 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 63.1 3.0 Search (2048X32) 2.203 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 92.3 5.3 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.016    0.016
ph/frq (deg) 9.5 1.8 Inc. seg. avg. 2.588 Sample rate(MSamp/s): 64 dr window (ns/s)   -0.011    0.011
amp/frq (%) 7.8 3.1 Inc. frq. avg. 2.273 Data rate(Mb/s): 1024 nlags: 128 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 36.5  el 69.2  pa -146.8 B: az 244.4  el 12.4  pa 35.3 u,v (fr/asec) -6759.432  -9675.085 simultaneous interpolator
Control file: cf_1234_gmva    Input file: /Exps/c181a/v2_ML006A/1234/No0035/AB..0D68Z8    Output file: /Exps/c181a/v2_ML006A/1234/No0035/AB.W.4.0D68Z8
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5

682.2
419.493
17.225

-19.6
0.0e+00

-0.055678
-0.009350

0.007303
  0.000

86140.0000
0.512
c181a
16383

2018:103
031500.00
032159.84
031830.00

2018:291:160104
2018:313:191726
2018:249:082454

12h56m11.1666s
-5˚47’21.525"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 23 segs, 37 APs / seg (18.94 sec / seg.), time ticks 30 sec

UValidity
L

A B

86124.00 Freq (MHz)
152.3 Phase
17.2 Ampl.
122.1 Sbd box
820/0 APs usedU/L
0 PC freqsA
1000 PC freqsB
0:0 PC phaseA:B
0:0 Manl PCA:B

PC ampA 1000
1000B
W00UR Chan idsA
W00UR Chan idsB

86156.00
158.3
17.6
122.1
820/0
0
1000
0:0
0:0
1000
1000
W01UR

W01UR

86188.00
167.4
17.1
121.6
820/0
0
1000
0:0
0:0
1000
1000
W02UR

W02UR

86220.00
167.1
17.6
122.1
820/0
0
1000
0:0
0:0
1000
1000
W03UR

W03UR

86252.00
167.7
16.6
121.4
820/0
0
1000
0:0
0:0
1000
1000
W04UR

W04UR

86284.00
159.7
17.6
121.9
820/0
0
1000
0:0
0:0
1000
1000
W05UR

W05UR

86316.00
148.8
17.0
121.6
820/0
0
1000
0:0
0:0
1000
1000
W06UR

Tracks
W06UR

Tracks

86348.00
162.1
17.7
122.3
820/0
0
1000
0:0
0:0
1000
1000
W07UR

W07UR

All
160.4
17.3

121.9

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

1.35115944950E+04
1.35115794173E+04
1.35116351005E+04
1.15469929111E+00

20.7

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

1.35116350953E+04
-2.1311331E+03
-7.9999999E-07

1.15469920633E+00
-6.97442807438E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-9.35030E-03
-5.56780E-02
5.17349E-06
8.47796E-08

-19.6

+/-
+/-
+/-
+/-
+/-

3.2E-06
2.5E-05
5.4E-09
2.2E-11

0.2
RMS Theor. Amplitude 17.225 +/- 0.025 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 58.3 0.4 Search (2048X32) 16.638 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 90.5 0.7 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.016    0.016
ph/frq (deg) 7.7 0.2 Inc. seg. avg. 18.448 Sample rate(MSamp/s): 64 dr window (ns/s)   -0.011    0.011
amp/frq (%) 2.2 0.4 Inc. frq. avg. 17.314 Data rate(Mb/s): 1024 nlags: 128 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 36.5  el 69.2  pa -146.8 B: az 244.4  el 12.4  pa 35.3 u,v (fr/asec) -6759.432  -9675.085 simultaneous interpolator
Control file: cf_1234_gmva    Input file: /Exps/c181a/v2_ML006A/1234/No0035/AB..0D68Z8    Output file: /Exps/c181a/v2_ML006A/1234/No0035/AB.W.2.0D68Z8
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6

366.0
539.851

8.558
147.5

0.0e+00

-0.001825
-0.003915

0.017216
  0.000

86140.0000
0.512

ma008
16383

2017:094
014500.00
015400.16
014930.00

2017:237:133004
2017:244:143017
2017:170:130423

12h29m 6.6997s
+2˚03’ 8.598"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 41 segs, 26 APs / seg (13.31 sec / seg.), time ticks 10 sec

UValidity
L

A X

86151.11 Freq (MHz)
144.8 Phase
9.1 Ampl.
232.9 Sbd box
1055/0 APs usedU/L
0 PC freqsA
0 PC freqsX
0:0 PC phaseA:X
0:0 Manl PCA:X

PC ampA 1000
1000X
W00UL Chan idsA
W00UL Chan idsX

86209.70
151.0
8.4
232.5
1055/0
0
0
0:0
0:0
1000
1000
W01UL

W01UL

86268.30
147.9
8.0
232.4
1055/0
0
0
0:0
0:0
1000
1000
W02UL

Tracks
W02UL

Tracks

86326.89
146.6
8.2
232.5
1055/0
0
0
0:0
0:0
1000
1000
W03UL

W03UL

All
147.5

8.4
232.6

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

4.78123570111E+03
4.78123779073E+03
4.78123962086E+03
1.41143021493E+00

338.8

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

4.78123961610E+03
-2.1091787E+03

1.4451113E-06
1.41143001507E+00
-4.13809353789E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-3.91500E-03
-1.82538E-03
4.75727E-06
1.99864E-07

147.5

+/-
+/-
+/-
+/-
+/-

6.6E-06
2.6E-05
1.0E-08
3.2E-11

0.3
RMS Theor. Amplitude 8.558 +/- 0.023 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 43.9 1.0 Search (4096X16) 8.302 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 33.3 1.7 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.009    0.009
ph/frq (deg) 3.2 0.3 Inc. seg. avg. 11.394 Sample rate(MSamp/s): 116 dr window (ns/s)   -0.011    0.011
amp/frq (%) 4.9 0.5 Inc. frq. avg. 8.413 Data rate(Mb/s): 928 nlags: 232 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 60.0  el 46.4  pa -127.2 X: az 228.8  el 25.0  pa 24.1 u,v (fr/asec) -8166.515  -11005.706 simultaneous interpolator
Control file: cf_1234    Input file: /Exps/ma008/gmva_58_merged_pc1/1234/No0028/AX..zrmonb    Output file: /Exps/ma008/gmva_58_merged_pc1/1234/No0028/AX.W.43.zrmonb

Mk4/DiFX fourfit 3.14 rev 1712 3C273.zrmonb, No0028, AP 
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1004.2
534.239
23.606
-104.5

0.0e+00

0.000734
-0.003110

0.018511
  0.000

86140.0000
0.512

ma008
16383

2017:094
014500.00
015400.16
014930.00

2017:237:133004
2017:244:143013
2017:170:130423

12h29m 6.6997s
+2˚03’ 8.598"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 41 segs, 26 APs / seg (13.31 sec / seg.), time ticks 10 sec

UValidity
L

A P

86151.11 Freq (MHz)
-107.5 Phase
24.1 Ampl.
232.9 Sbd box
1055/0 APs usedU/L
0 PC freqsA
0 PC freqsP
0:0 PC phaseA:P
0:0 Manl PCA:P

PC ampA 1000
1000P
W00UR Chan idsA
W00UL Chan idsP

86209.70
-99.0
22.7
233.2
1055/0
0
0
0:0
0:0
1000
1000
W01UR

W01UL

86268.30
-103.4
23.3
233.5
1055/0
0
0
0:0
0:0
1000
1000
W02UR

Tracks
W02UL

Tracks

86326.89
-107.6
24.1
232.9
1055/0
0
0
0:0
0:0
1000
1000
W03UR

W03UL

All
-104.5

23.6
233.2

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-1.68974473956E+03
-1.68974089553E+03
-1.68974163325E+03
1.42764738170E+00

-103.6

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-1.68974162988E+03
-2.1066504E+03

1.2400000E-06
1.42764716681E+00
-6.03504649464E-06

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-3.10968E-03
7.34345E-04

-3.36879E-06
2.14891E-07

-104.5

+/-
+/-
+/-
+/-
+/-

2.4E-06
9.5E-06
3.7E-09
1.2E-11

0.1
RMS Theor. Amplitude 23.606 +/- 0.024 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 40.4 0.4 Search (4096X16) 23.370 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 35.1 0.6 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.009    0.009
ph/frq (deg) 5.0 0.1 Inc. seg. avg. 29.740 Sample rate(MSamp/s): 116 dr window (ns/s)   -0.011    0.011
amp/frq (%) 2.6 0.2 Inc. frq. avg. 23.578 Data rate(Mb/s): 928 nlags: 232 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 60.0  el 46.4  pa -127.2 P: az 222.5  el 46.6  pa 32.6 u,v (fr/asec) -8192.182  -8787.801 simultaneous interpolator
Control file: cf_1234    Input file: /Exps/ma008/gmva_58_merged_pc1/1234/No0028/AP..zrmonb    Output file: /Exps/ma008/gmva_58_merged_pc1/1234/No0028/AP.W.42.zrmonb

ALMA-ONSALA  SNR ~370 ALMA-PV SNR ~1000

ALMA-EB SNR ~90ALMA-EB SNR ~700

2017 observations: fringe plots for 3C 273 (PI K. Akiyama), see 
Okino’s talk and Okino et al. (in prep.)

Parallel hand LL Cross hand RL

2018 observations: fringe plots for 3C 279 (PI A.P. Lobanov), 
from the ALMA-Effelsberg baseline.

Parallel hand RR Cross hand RL

BU 7mm
ALMA-EU

ALMA-US

The source, observed on April 2, 
2017, showed fringes to ALMA with 
detection SNR as high as 900.  ALMA 
provides an increase in north-south 
resolution by a factor of ~4. 

EHT

ALMA-GBT

ALMA-PV

2017 data: POSSM (𝐴𝑖𝑗(𝜈) & 𝜑𝑖𝑗 (𝜈)) plot of 
parallel hands with ALMA – Notice amplitude 

calibration issues and phase good quality

ALMA-VLBA_BR -EB

-VLBA_FD -VLBA_KP

-VLBA_NL -VLBA_PV

-VLBA_LA

-EB'

-VLBA_OV

Mk4/DiFX fourfit 3.14 rev 1712 OJ287.zrmotm, No0140, AP 
ALMA - PICOVEL, fgroup W, pol LR

5

938.4
474.950
23.392
186.8

0.0e+00

-0.028339
0.003926

-0.006873
  0.000

86140.0000
0.512

mg002
16383

2017:093
011500.00
012300.26
011900.00

2017:237:145731
2017:243:170439
2017:170:130423

08h54m48.8749s
+20˚06’30.641"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 41 segs, 23 APs / seg (11.78 sec / seg.), time ticks 10 sec

UValidity
L

A P

86151.11 Freq (MHz)
49.5 Phase
22.9 Ampl.
226.5 Sbd box
938/0 APs usedU/L
0 PC freqsA
0 PC freqsP
0:0 PC phaseA:P
0:0 Manl PCA:P

PC ampA 1000
1000P
W00UL Chan idsA
W00UR Chan idsP

86209.70
50.6
23.4
226.3
938/0
0
0
0:0
0:0
1000
1000
W01UL

W01UR

86268.30
52.7
22.8
226.5
938/0
0
0
0:0
0:0
1000
1000
W02UL

Tracks
W02UR

Tracks

86326.89
48.3
22.8
226.4
938/0
0
0
0:0
0:0
1000
1000
W03UL

W03UR

All
50.3
23.0

226.4

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

4.43468881428E+03
4.43469068278E+03
4.43471902371E+03
8.95315284382E-01

389.4

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

4.43471902209E+03
-2.1066199E+03

1.2400000E-06
8.95315364166E-01

-7.31170889670E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

3.92553E-03
-2.83393E-02
1.62179E-06

-7.97836E-08
186.8

+/-
+/-
+/-
+/-
+/-

2.6E-06
1.0E-05
3.9E-09
1.4E-11

0.1
RMS Theor. Amplitude 23.392 +/- 0.025 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 47.0 0.4 Search (2048X16) 22.344 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 47.6 0.7 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.009    0.009
ph/frq (deg) 2.3 0.1 Inc. seg. avg. 32.837 Sample rate(MSamp/s): 116 dr window (ns/s)   -0.011    0.011
amp/frq (%) 2.0 0.2 Inc. frq. avg. 22.975 Data rate(Mb/s): 928 nlags: 232 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 348.6  el 46.2  pa 168.9 P: az 276.7  el 25.4  pa 57.6 u,v (fr/asec) -5577.462  -10314.773 simultaneous interpolator
Control file: cf_1234    Input file: /Exps/mg002/gmva_58_merged_pc1/1234/No0140/AP..zrmotm    Output file: /Exps/mg002/gmva_58_merged_pc1/1234/No0140/AP.W.45.zrmotm

Mk4/DiFX fourfit 3.14 rev 1712 OJ287.zrmotm, No0140, AP 
ALMA - PICOVEL, fgroup W, pol LL

5

308.5
474.950

7.689
21.0

0.0e+00

-0.019416
-0.004418

-0.006872
  0.000

86140.0000
0.512

mg002
16383

2017:093
011500.00
012300.26
011900.00

2017:237:145731
2017:243:170437
2017:170:130423

08h54m48.8749s
+20˚06’30.641"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 41 segs, 23 APs / seg (11.78 sec / seg.), time ticks 10 sec

UValidity
L

A P

86151.11 Freq (MHz)
-49.9 Phase
7.9 Ampl.
228.5 Sbd box
938/0 APs usedU/L
0 PC freqsA
0 PC freqsP
0:0 PC phaseA:P
0:0 Manl PCA:P

PC ampA 1000
1000P
W00UL Chan idsA
W00UL Chan idsP

86209.70
-43.0
7.4
228.4
938/0
0
0
0:0
0:0
1000
1000
W01UL

W01UL

86268.30
-46.3
7.3
228.5
938/0
0
0
0:0
0:0
1000
1000
W02UL

Tracks
W02UL

Tracks

86326.89
-49.5
7.4
228.6
938/0
0
0
0:0
0:0
1000
1000
W03UL

W03UL

All
-47.2

7.5
228.5

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

4.43469753781E+03
4.43469960637E+03
4.43471902057E+03
8.95315284389E-01

223.7

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

4.43471902209E+03
-2.1066199E+03

1.2400000E-06
8.95315364166E-01

-7.31170889670E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-4.41762E-03
-1.94157E-02
-1.52227E-06
-7.97765E-08

21.0

+/-
+/-
+/-
+/-
+/-

7.9E-06
3.1E-05
1.2E-08
4.3E-11

0.4
RMS Theor. Amplitude 7.689 +/- 0.025 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 47.2 1.2 Search (2048X16) 7.355 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 48.1 2.1 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.009    0.009
ph/frq (deg) 4.0 0.4 Inc. seg. avg. 10.772 Sample rate(MSamp/s): 116 dr window (ns/s)   -0.011    0.011
amp/frq (%) 3.7 0.6 Inc. frq. avg. 7.510 Data rate(Mb/s): 928 nlags: 232 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 348.6  el 46.2  pa 168.9 P: az 276.7  el 25.4  pa 57.6 u,v (fr/asec) -5577.462  -10314.773 simultaneous interpolator
Control file: cf_1234    Input file: /Exps/mg002/gmva_58_merged_pc1/1234/No0140/AP..zrmotm    Output file: /Exps/mg002/gmva_58_merged_pc1/1234/No0140/AP.W.43.zrmotm

Mk4/DiFX fourfit 3.18 rev 2251 OJ287.0D454P, No0016, AP 
ALMA - PICOVEL, fgroup W, pol LR

4

75.7
508.497

1.753
-113.2

0.0e+00

0.013233
-0.002087

-0.155029
  0.000

86140.0000
0.512
c181d
16383

2018:105
210100.00
211000.16
210530.00

2018:292:170359
2018:312:155722
2018:249:082454

08h54m48.8749s
+20˚06’30.641"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 23 segs, 47 APs / seg (24.06 sec / seg.), time ticks 30 sec

UValidity
L

A P

86124.00 Freq (MHz)
-109.0 Phase
1.6 Ampl.
130.8 Sbd box
1055/0 APs usedU/L
0 PC freqsA
1000 PC freqsP
0:0 PC phaseA:P
0:0 Manl PCA:P

PC ampA 1000
1000P
W00UL Chan idsA
W00UR Chan idsP

86156.00
-130.5
1.7
131.1
1055/0
0
1000
0:0
0:0
1000
1000
W01UL

W01UR

86188.00
-93.1
1.8
130.5
1055/0
0
1000
0:0
0:0
1000
1000
W02UL

W02UR

86220.00
-106.9
1.5
130.7
1055/0
0
1000
0:0
0:0
1000
1000
W03UL

W03UR

86252.00
-136.5
1.8
130.5
1055/0
0
1000
0:0
0:0
1000
1000
W04UL

W04UR

86284.00
-104.7
2.3
131.3
1055/0
0
1000
0:0
0:0
1000
1000
W05UL

W05UR

86316.00
-115.8
1.6
130.0
1055/0
0
1000
0:0
0:0
1000
1000
W06UL

Tracks
W06UR

Tracks

86348.00
-111.1
1.9
131.0
1055/0
0
1000
0:0
0:0
1000
1000
W07UL

W07UR

All
-113.2

1.8
130.7

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-1.01991530699E+04
-1.01991377493E+04
-1.01991509865E+04
1.34271184105E+00

-350.8

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-1.01991509828E+04
-2.1064160E+03

5.3400004E-07
1.34271364078E+00
4.70446695499E-06

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-2.08710E-03
1.32335E-02

-3.64891E-06
-1.79973E-06

-113.2

+/-
+/-
+/-
+/-
+/-

2.9E-05
2.3E-04
4.9E-08
1.6E-10

1.5
RMS Theor. Amplitude 1.753 +/- 0.023 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 56.2 3.5 Search (4096X32) 1.685 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 71.9 6.2 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.016    0.016
ph/frq (deg) 15.2 2.1 Inc. seg. avg. 2.993 Sample rate(MSamp/s): 64 dr window (ns/s)   -0.011    0.011
amp/frq (%) 13.7 3.7 Inc. frq. avg. 1.784 Data rate(Mb/s): 1024 nlags: 128 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 47.5  el 30.1  pa -133.8 P: az 233.8  el 64.6  pa 42.8 u,v (fr/asec) -8163.402  -8062.848 simultaneous interpolator
Control file: cf_1234_gmva    Input file: /Exps/c181d/v2_pc1/1234/No0016/AP..0D454P    Output file: /Exps/c181d/v2_pc1/1234/No0016/AP.W.35.0D454P

Mk4/DiFX fourfit 3.18 rev 2251 OJ287.0D454P, No0016, AP 
ALMA - PICOVEL, fgroup W, pol LL

5

777.5
508.497
18.017
-113.5

0.0e+00

-0.001283
-0.001540

-0.155015
  0.000

86140.0000
0.512
c181d
16383

2018:105
210100.00
211000.16
210530.00

2018:292:170359
2018:312:155715
2018:249:082454

08h54m48.8749s
+20˚06’30.641"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)
Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 23 segs, 47 APs / seg (24.06 sec / seg.), time ticks 30 sec

UValidity
L

A P

86124.00 Freq (MHz)
-113.0 Phase
18.0 Ampl.
128.8 Sbd box
1055/0 APs usedU/L
0 PC freqsA
1000 PC freqsP
0:0 PC phaseA:P
0:0 Manl PCA:P

PC ampA 1000
1000P
W00UL Chan idsA
W00UL Chan idsP

86156.00
-119.7
18.7
129.1
1055/0
0
1000
0:0
0:0
1000
1000
W01UL

W01UL

86188.00
-106.5
17.9
128.6
1055/0
0
1000
0:0
0:0
1000
1000
W02UL

W02UL

86220.00
-114.6
18.5
129.1
1055/0
0
1000
0:0
0:0
1000
1000
W03UL

W03UL

86252.00
-115.0
18.2
128.4
1055/0
0
1000
0:0
0:0
1000
1000
W04UL

W04UL

86284.00
-105.3
18.3
129.1
1055/0
0
1000
0:0
0:0
1000
1000
W05UL

W05UL

86316.00
-120.3
17.0
128.4
1055/0
0
1000
0:0
0:0
1000
1000
W06UL

Tracks
W06UL

Tracks

86348.00
-113.8
17.9
129.2
1055/0
0
1000
0:0
0:0
1000
1000
W07UL

W07UL

All
-113.5

18.0
128.8

Group delay (usec)(sbd)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-1.01991525228E+04
-1.01991522658E+04
-1.01991509865E+04
1.34271184121E+00

-351.1

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-1.01991509828E+04
-2.1064160E+03

5.3400004E-07
1.34271364078E+00
4.70446695499E-06

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-1.53998E-03
-1.28300E-03
-3.66045E-06
-1.79957E-06

-113.5

+/-
+/-
+/-
+/-
+/-

2.8E-06
2.2E-05
4.8E-09
1.5E-11

0.1
RMS Theor. Amplitude 18.017 +/- 0.023 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5

ph/seg (deg) 55.9 0.3 Search (4096X32) 17.667 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -1.000    1.000
amp/seg (%) 71.0 0.6 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: enabled mb window (us)   -0.016    0.016
ph/frq (deg) 5.9 0.2 Inc. seg. avg. 30.729 Sample rate(MSamp/s): 64 dr window (ns/s)   -0.011    0.011
amp/frq (%) 2.6 0.4 Inc. frq. avg. 18.042 Data rate(Mb/s): 1024 nlags: 128 t_cohere infinite ion window (TEC)    0.00     0.00
A: az 47.5  el 30.1  pa -133.8 P: az 233.8  el 64.6  pa 42.8 u,v (fr/asec) -8163.402  -8062.848 simultaneous interpolator
Control file: cf_1234_gmva    Input file: /Exps/c181d/v2_pc1/1234/No0016/AP..0D454P    Output file: /Exps/c181d/v2_pc1/1234/No0016/AP.W.33.0D454P

Fringe plots for the 2017 OJ 287 
observations.

Fringe plots for the 2018 OJ 287 
observations.

ALMA-PV SNR ~900ALMA-PV SNR ~300

Parallel hand LL

ALMA-PV SNR ~80ALMA-PV SNR ~800

Cross hand LR

Cross hand LRParallel hand LL


