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PHASE STABILITY – ATMOSPHERE �
(or “Phase Differences Fluctuations”) �

 Wavefront above atmosphere �

… after atmospheric Distortion�

t1	
  

Extra	
  Delay	
  (τ)	
  =>	
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  Phase	
  (Φ)	
  	
  	
  	
  

Φ (t1) = 2 π ν τ	
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  changing	
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Effect	
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Incoming wavefront….�
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  Structure	
  	
  



�
Ø    Observe at lower band (e.g. 21.5 GHz) �
Ø     Apply (scaled) to higher band   (e.g. 43 GHz) �

Conven7onal	
  PR:	
  to	
  a	
  calibrator	
  source	
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ASTROMETRY with Phase Referencing 

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

STRATEGY:	
  
Use	
  analysis	
  of	
  interleaving	
  	
  observa7ons	
  	
  
of	
  reference	
  source	
  as	
  a	
  GUIDANCE	
  to	
  	
  
calibrate	
  out	
  PROPAGATION	
  MEDIUM	
  
contribu7ons	
  in	
  target	
  observa7ons.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
   Weak	
  Target	
  	
  

Source	
  

Bright	
  Reference	
  
Source	
   Weak	
  Target	
  	
  

Source	
  

Bright	
  Reference	
  
Source	
   Weak	
  Target	
  	
  

Source	
  

Bright	
  Reference	
  
Source	
   Weak	
  Target	
  	
  

Source	
  

Bright	
  Reference	
  
Source	
   Weak	
  Target	
  	
  

Source	
  

Bright	
  Reference	
  
Source	
   Weak	
  Target	
  	
  

Source	
  

Bright	
  Reference	
  
Source	
   Weak	
  Target	
  	
  

Source	
  

Bright	
  Reference	
  
Source	
  

~	
  1	
  deg.	
  

AIM:	
  Isolate	
  geometric	
  signature	
  
in	
  interferometric	
  phase	
  

WEAK	
  SOURCES	
  	
  
ASTROMETRY	
  	
  

Telescope Switching matches �
Tropospheric coherence time. �

PR	
  @	
  22	
  GHz	
  

Different observing times, different line-of-sight �



Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

Weak	
  Target	
  	
  
Source	
  

Bright	
  Reference	
  
Source	
  

~	
  2	
  deg.	
  

WEAK	
  SOURCES	
  	
  
ASTROMETRY	
  	
  

PR	
  @	
  43	
  GHz	
  

ASTROMETRY with Phase Referencing 

In VERA observations, with�
Dual-beam, there is the calibrator�
Issue.�
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ALTERNATIVE APPROACH FOR TROPOSPHERIC  
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Frequency Phase Referencing 
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2nd step: ASTROMETRY with Source-Frequency-Phase-Referencing (SFPR)  
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Center at RA 12 30 49.42338096  DEC 12 23 28.0438299

CONT: 3C274  IPOL  86425.334 MHZ  3C274-MK.ICLN.1

Cont peak flux =  1.5002E-01 JY/BEAM 
Levs = 1.500E-02 * (-3, 3, 6, 9)

M
ill

iA
R

C
 S

EC

MilliARC SEC
1.0 0.5 0.0 -0.5 -1.0

1.0

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

-0.8

-1.0

M87:	
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  Measurement	
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Obs.	
  2007,	
  M87	
  wrt.	
  3c273,	
  10o	
  apart,	
  VLBA	
  SFPR	
  

(Rioja	
  +	
  Dodson,	
  2011)	
  

43	
  µas	
  
SFPR-­‐ed	
  map:	
  
First	
  empirical	
  demonstrabon.	
  

Flux	
  Recovery	
  ~	
  30%	
  
(Quality	
  of	
  prop.	
  media	
  compensabon)	
  

VLBA	
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  Frequency	
  Switching	
  (Duty	
  cycle	
  1min)	
  

Between	
  43/86	
  GHz	
  

Limit	
  of	
  high	
  frequency	
  for	
  fast	
  freq	
  switching	
  

Examples	
  of	
  SFPR	
  measurements	
  	
  



•  Astrometry in the frequency domain, 
for continuum and spectral line targets, 
at very high frequencies. 

• Combined with PR, astrometry wrt 
external reference at very high 
frequencies. 

ENABLES,	
  AT	
  HIGH	
  FREQUENCIES:	
  
	
  
HIGH	
  PRECISION	
  CHROMATIC	
  	
  ASTROMETRY:	
  	
  
Bona-­‐fide	
  astrometric	
  alignment	
  of	
  mulb-­‐frequency	
  images	
  
(e.g.	
  for	
  spectral	
  index	
  studies,	
  core	
  shiI,	
  molecular	
  transi1ons	
  
spectral	
  line…).	
  
Ulbmate	
  precision,	
  given	
  by	
  resolubon.	
  
&	
  
HIGH	
  SENSITIVITYè	
  Weak	
  Source	
  Detecbon	
  	
  
	
  
	
  
	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Slow	
  switching	
  OK	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Several	
  Degrees	
  	
  away	
  OK	
  
	
  

OUTCOMES	
  OF	
  SOURCE-­‐FREQUENCY-­‐PHASE-­‐REFERENCING	
  



VLBA-sh beam: 2.1 x 1.6 mas, PA=58 deg �
KVN beam:      3   x 1.5 mas, PA=90deg �
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KVN vs. VLBA :  �
VERIFICATION OF SFPR Astrometric CAPABILITY AT 22/43 GHz�

(Rioja,	
  Dodson	
  +	
  KVN	
  Team,	
  2014)	
  

Examples	
  of	
  SFPR	
  measurements	
  	
  

Obs.	
  date	
  
April	
  2013	
  



Center at RA 08 56 57.24476100  DEC 21 11 43.6582900

CONT: 0854+213  IPOL  43663.999 MHZ  0854 QK 35.ICL001.1
PLot file version 2  created 12-MAR-2014 22:44:02

Cont peak flux =  1.3576E-01 JY/BEAM
Levs = 2.036E-03 * (2, 4, 8, 16, 32, 60, 66, 71,
80, 90, 100)
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Center at RA 08 56 57.24476088  DEC 21 11 43.6582899

CONT: 0854+213  IPOL  44035.177 MHZ  0854 44UR AJ.ICL001.2
PLot file version 1  created 12-MAR-2014 23:07:19

Cont peak flux =  1.3904E-01 JY/BEAM
Levs = 2.781E-03 * (-1, 1, 2, 4, 8, 16, 32, 45,
49, 64, 90, 128, 190, 256, 330)
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Center at RA 08 56 57.24476088  DEC 21 11 43.6582899

CONT: 0854+213  IPOL  44035.177 MHZ  0854 44 AJ.ICL001.1
PLot file version 1  created 12-MAR-2014 16:16:45

Cont peak flux =  1.0571E-01 JY/BEAM
Levs = 2.114E-03 * (-1, 1, 2, 4, 8, 16, 32, 45,
64, 90, 128, 190, 256, 330)
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KVN SFPR-ed map �
0854+213@44GHz�
�

VLBA Hybrid map �
0854+213@44GHz�

VLBA Hybrid map �
0854+213@44GHz�
Convolved with KVN beam�

Offset ~ 170 micro-as in both cases�

0854+213	
  @	
  44	
  GHz	
  

Struct
ure Ble

nding 
Effect

s are d
ominant s
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of err
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for ex
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es with KV

N-scale 
array. 

�

Flux Recovery VLBA 88%; KVN 94%�



Latest SFPR results on sources from Polar Cap sample with KVN �
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  full	
  operabonal:	
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  GHz	
  

Examples	
  of	
  SFPR	
  measurements	
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SFPR-­‐Map	
  of	
  2007+777	
  at	
  132	
  GHz:	
  
Peak	
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85-­‐90%	
  recovery	
  flux	
  
Astrometry	
  ~	
  (0,50)	
  µas	
  

2007+777	
  (ref	
  source	
  6.3o	
  away)	
  
No	
  direct	
  detecbons	
  at	
  132	
  GHz	
  

SFPR	
  analysis	
  –	
  132	
  GHz	
  with	
  43GHz:	
  2007+777	
  	
  	
  (ref	
  6.3o	
  away)	
  
1)	
  44à132,	
  x3	
  

2)	
  44à132,	
  x3	
  

1)	
  –	
  2)	
  



SFPR-­‐Map	
  of	
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Coherence	
  	
  Studies	
  using	
  KVN	
  Observabons,	
  for:	
  	
  
FPT	
  (single	
  source,	
  2	
  freqs)	
  &	
  SFPR	
  (two	
  sources,	
  two	
  freqs)	
  analysis	
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FPT	
  for	
  44	
  GHz	
  à	
  132	
  GHz	
  	
  increases	
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  20	
  min	
  integra7on	
  7me	
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  for	
  44	
  GHz—>	
  132	
  GHz,	
  plus	
  110	
  ref	
  source,	
  increases	
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  up	
  to	
  many	
  hours	
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7,300km	
  

7,900km	
  

9,000km	
  

KVN 13/7/3/2mm VLBI �

Sept. 22nd 2014: �
Simultaneous 7/3mm�
(“sub-array” realization) �

Nov. 2014 
Simultaneous�
13/7mm�

2,300km	
  

Aug. 2014: �
Simultaneous�
13/7mm �

Observations with KVN 
by end of 2014 �

The quest for largEST angular resolution (=highEST astrometric accuracy): �
 A Global “Multi-Frequency” mm-VLBI array�

86 GHz, ΘFwHM ∼ 70 µas	


129 GHz, ΘFWHM ∼ 45 µas	
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Techniques	
  relevant	
  for	
  ALMA	
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Matches	
  expected	
  	
  
Size	
  of	
  BH	
  shadow	
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  M87,	
  SgrA*	
  

SRT/MediNoto	
  
“Mulb-­‐feed”	
  
realizabon	
  



SFPR:	
  Very	
  robust	
  method	
  for	
  (sub)mm-­‐VLBI	
  
	
  
Provides	
  benefits	
  of	
  PR	
  to	
  the	
  highest	
  frequencies	
  
	
  
Enables	
  “chromabc”	
  astrometry	
  &	
  Increased	
  coherence	
  bme	
  
	
  
Simultaneous	
  mulb-­‐freq	
  observabons	
  vs.	
  fast	
  frequency	
  switching:	
  
	
  	
  	
  Much	
  bever	
  performance	
  	
  	
  
	
  	
  	
  More	
  effecbve	
  use	
  of	
  observing	
  bme	
  
	
  
Demonstrabon	
  of	
  SFPR	
  at	
  132	
  GHz	
  using	
  KVN	
  
	
  
Long	
  baselines	
  planned	
  for	
  near	
  future	
  

SUMMARY �
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