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Science	
  mo$va$on	
  
•  Jets	
  form	
  through	
  interac$on	
  

between	
  magne$c	
  fields	
  and	
  black	
  
hole	
  /	
  accre$on	
  disk	
  

•  Polariza$on	
  is	
  a	
  probe	
  for	
  
magne$c	
  fields	
  

•  Fast-­‐cadence	
  single-­‐dish	
  
observa$ons	
  can	
  help	
  to	
  
dis$nguish	
  ordered	
  and	
  turbulent	
  
B-­‐field	
  models	
  

•  Circular	
  polariza$on	
  probes	
  
par$cle	
  composi$on	
  

	
  

Image	
  credit:	
  NASA	
  /	
  Ann	
  Field	
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Metsähovi	
  Radio	
  Observatory	
  
•  Radome-­‐enclosed	
  14-­‐m	
  

telescope	
  
•  Currently	
  most	
  of	
  the	
  

observing	
  $me	
  is	
  devoted	
  to	
  
22/37	
  GHz	
  observa$ons	
  of	
  
AGN	
  

•  Par$cipates	
  in	
  EVN,	
  GMVA	
  
and	
  Geode$c	
  VLBI	
  sessions	
  

	
  
Most	
  beneficial	
  would	
  be	
  to	
  
have	
  one	
  receiver	
  that	
  can	
  do	
  
everything!	
  

Karttatiedot ©2015 Google 50 km

Metsähovin radiotutkimusasema

Metsähovin radiotutkimusasema – Google Maps https://www.google.fi/maps/place/Metsähovin+radiotutkimusa...
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Technical	
  requirements	
  
•  Polarimetric	
  receiver	
  
– Both	
  linear	
  and	
  circular	
  

•  Mul$ple	
  frequencies	
  (22	
  /	
  37-­‐43	
  /	
  86	
  GHz)	
  
– Fast	
  switching	
  for	
  VLBI	
  to	
  enable	
  phase	
  transfer	
  

•  Capable	
  for	
  single-­‐dish	
  observa$ons	
  as	
  well	
  
– High	
  sensi$vity	
  (~10	
  mJy	
  source	
  brightness)	
  
– Reduc$on	
  of	
  1/f	
  noise	
  

•  Confined	
  to	
  a	
  rela$vely	
  small	
  space	
  (max	
  
diameter	
  500mm)	
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Con$nuous	
  comparison	
  receiver	
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Baseline	
  Planck	
  LFI	
  
Pseudo-­‐correla$on	
  receiver	
  
(Mennella	
  et	
  al.	
  2003,	
  A&A,	
  
410,	
  1089)	
  
	
  

(A2-­‐B2)	
  is	
  much	
  smaller	
  	
  
than	
  the	
  sum	
  of	
  the	
  first	
  
terms	
  so	
  that	
  the	
  effect	
  	
  
on	
  gain	
  varia$ons	
  is	
  smaller	
  

A

B	
  

g1	
  

g2	
  



12-­‐18	
  GHz	
  polariza$on	
  receiver	
  KuPol	
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50	
  K	
  

10	
  K	
  

Designed	
  by	
  Dr.	
  Oliver	
  King	
  at	
  Caltech	
  

Signal	
  to	
  digital	
  instrument	
  

•  Mounted	
  on	
  the	
  40-­‐m	
  telescope	
  at	
  Owens	
  Valley	
  Radio	
  
Observatory	
  (Caltech)	
  

•  Opera$onal	
  since	
  May	
  2014	
  
•  Hybrid	
  design	
  with	
  both	
  analog	
  and	
  digital	
  backends	
  to	
  

reduce	
  commissioning	
  $me	
  



Polariza$on	
  through	
  correla$on	
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Courtesy	
  of	
  Dr.	
  O.	
  King	
   Calcula$ons	
  performed	
  with	
  	
  
ROACH	
  boards	
  



Metsähovi	
  frontend	
  

Magic-T

180°

180°

Noise

cal

Tfys = 15 K

LNA (NRAO CDL):
19 - 25 GHz, Tn ~ 8 - 15 K
31 - 52 GHz, Tn ~ 10 - 20 K
75 - 90 GHz, Tn ~ 30 - 60 K

OMT (QuinStar/NRAO):
18 - 26.5 GHz
33 - 50 GHz
75 - 110 GHz

v0.3 2015-01-11 Kaj Wiik

Metsähovi continuous comparison polarimeter
Frontend

R

L

R

L

7-13 GHz

e.g.
83-89 GHz

Image:
103 - 109 GHz 

Tfys = 290 K

e.g.
96 GHz

To digital correlator
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Tsys	
  =	
  50-­‐80	
  K	
  @	
  43	
  GHz	
  



Digital	
  backend	
  

Tfys = 290 K

v0.3 2015-01-11 Kaj Wiik

Metsähovi continuous comparison polarimeter
Digital polarization correlator

I/Q

A/D FPGA 10 GE

Quadrature processing block
ROACH board

10 GE

10 GE

I/Q
processing

block

I/Q
processing

block...

N IF bands,
N = 12 - 

Fr
om

 fr
on

te
nd

R

L

7-13 GHz
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Mul$frequency	
  setup	
  
•  All	
  horns	
  in	
  a	
  single	
  
cylinder	
  

•  Switching	
  between	
  
frequencies	
  done	
  by	
  
changing	
  poin$ng	
  offsets	
  
–  Between	
  43-­‐86	
  GHz	
  takes	
  
about	
  0.9-­‐1.2s	
  depending	
  
on	
  eleva$on	
  

–  Addi$onal	
  stabiliza$on	
  
period	
  of	
  (currently)	
  2s	
  

–  Short	
  enough	
  for	
  phase	
  
transfer	
  from	
  43	
  to	
  86	
  GHz	
  
(Middleberg	
  et	
  al.	
  2003,	
  A&A,	
  433,	
  897)	
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43	
  GHz	
  86	
  

22	
  GHz	
  



Rough	
  cost	
  es$mate	
  

•  Cryostat	
  	
  55	
  k	
  euro	
  
•  Frontends	
  for	
  K	
  /	
  Q	
  /	
  W	
  bands	
  	
  100k	
  euro	
  each	
  	
  
•  Microwave	
  /	
  IF	
  processing	
  	
  50k	
  euro	
  
•  Digital	
  backend	
  	
  100	
  k	
  euro	
  	
  
	
  
	
  500	
  k	
  euro	
  in	
  total	
  (VAT	
  or	
  manpower	
  not	
  included)	
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Warm	
  test	
  receiver	
  at	
  22	
  GHz	
  
•  Master’s	
  student	
  project	
  
•  Linear	
  feeds	
  
•  DBBC	
  for	
  data	
  readout	
  
•  Plan	
  to	
  implement	
  a	
  sooware	
  simulator	
  for	
  digital	
  backend	
  

tes$ng	
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Magic-­‐T	
  



Summary	
  and	
  outlook	
  
•  Need	
  for	
  a	
  receiver	
  that	
  can	
  do	
  both	
  single-­‐dish	
  
and	
  VLBI	
  observa$ons	
  
–  Requires	
  high	
  sensi$vity	
  (~10	
  mJy)	
  

•  Mul$ple	
  frequencies	
  and	
  fast	
  switching	
  
•  Linear	
  and	
  circular	
  polariza$on	
  
	
  	
  	
  	
  	
  	
  	
  	
  Con$nuous	
  comparison	
  receiver	
  
–  Start	
  with	
  37/43	
  GHz	
  to	
  test	
  concept	
  and	
  add	
  22	
  and	
  
86	
  GHz	
  later	
  

– Work	
  on	
  a	
  22	
  GHz	
  test	
  setup	
  on-­‐going	
  as	
  a	
  Master’s	
  
student	
  project	
  

ERATec	
  5.-­‐7.10.2015	
   talvikki.hovaAa@aalto.fi	
   13	
  


