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Measuring	
  polarisa%on	
  

•  A	
  single	
  measurement	
  with	
  a	
  polarimeter	
  measures	
  a	
  
mixture	
  of	
  intensity	
  and	
  polarisa%on	
  

•  Obtaining	
  polarisa%on	
  requires	
  differences	
  between	
  
different	
  such	
  data	
  samples	
  
–  different	
  detectors	
  —	
  Bandpass	
  mismatch	
  
–  same	
  detector	
  with	
  ≠	
  orienta%on	
  —	
  Beam	
  asymetry	
  	
  

–  (at	
  ≠	
  %mes	
  —	
  low-­‐frequency	
  noise)	
  	
  

I +Q cos 2α+ U sin 2α



Mo%va%ons	
  

•  Modula%on	
  of	
  polarisa%on	
  
–  low-­‐frequency	
  noise	
  
– asymmetric	
  beams	
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Mo%va%ons	
  

Without	
  HWP	
   With	
  HWP	
  

t1	
   t0+Δt	
  

•  Modula%on	
  of	
  polarisa%on	
  
–  low-­‐frequency	
  noise	
  
– asymmetric	
  beams	
  



Mo%va%ons	
  

•  Modula%on	
  of	
  polarisa%on	
  
–  low-­‐frequency	
  noise	
  
– asymmetric	
  beams	
  

Without	
  HWP	
   With	
  HWP	
  

t2	
   t0+Δt’	
  



The	
  case	
  for	
  no	
  HWP	
  

•  Not	
  required	
  
•  Degrades	
  the	
  performance	
  

•  Source	
  of	
  complexity	
  

•  Technological	
  challenge	
  



Not	
  required	
  

•  Low-­‐f	
  noise	
  removed	
  by	
  map-­‐making	
  
–  require	
  redundancy	
  and	
  

•  Bandpass	
  issues	
  are	
  solved	
  by	
  making	
  single-­‐
detector	
  maps	
  (not	
  possible	
  with	
  Planck)	
  

•  Beams:	
  reconvolu%on	
  possible	
  	
  

fspin ≥ fknee



Not	
  required	
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  beam	
  



Not	
  required	
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Not	
  required	
  

•  Generalisable	
  for	
  real	
  scanning	
  
–  If	
  every	
  pixel	
  is	
  seen	
  with	
  all	
  possible	
  angles	
  

One	
  such	
  set	
  of	
  observa%ons	
  
for	
  each	
  angle	
  



Not	
  required	
  

•  Generalisable	
  for	
  real	
  scanning	
  
–  If	
  every	
  pixel	
  is	
  seen	
  with	
  all	
  possible	
  angles	
  

Design	
  the	
  scan	
  strategy	
  
so	
  that	
  it	
  is	
  the	
  case	
  

One	
  such	
  set	
  of	
  observa%ons	
  
for	
  each	
  angle	
  



Not	
  required	
  

•  Generalisable	
  for	
  real	
  scanning	
  
– For	
  any	
  scan	
  strategy	
  with	
  parallel	
  scans	
  

[	
  More	
  complete	
  discussion	
  tomorrow	
  ]	
  



Not	
  required	
  

•  Leakage	
  of	
  I	
  into	
  polariza%on	
  maps	
  	
   ∝ alm (b1l − b2l )

Beam	
  asymmetry	
  does	
  not	
  ma^er	
  much	
  for	
  small	
  beams	
  

50’	
  –	
  55’	
  

5’	
  –	
  5.5’	
  



Calibrate	
  leakage	
  

Beam	
  ellip%city	
  

Poin%ng	
  

Pol.	
  orienta%on	
  

Calibra%on	
  
+	
  polar.	
  efficiency	
  



The	
  case	
  for	
  no	
  HWP	
  

•  Not	
  required	
  
•  Degrades	
  performance	
  

•  Source	
  of	
  complexity	
  

•  Technological	
  challenge	
  



Degrades	
  performance	
  

•  Frequency	
  coverage	
  
•  Sensi%vity	
  
•  Angular	
  resolu%on	
  



Frequency	
  bands	
  



Degrades	
  performance	
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Minimal	
  design	
  with	
  HWP	
  (COrE)	
  

4000-­‐5000	
  detectors	
  for	
  2-­‐2.4	
  μK.arcmin	
  final	
  CMB	
  sensi%vity	
  
100	
  to	
  800	
  synchrotron	
  detectors	
  
2500	
  dust	
  detectors	
  (!)	
   ≈	
  7500	
  detectors	
  

target	
  CMB	
  sensiCvity:	
  2μK.arcmin	
  



Minimal	
  design	
  without	
  HWP	
  

1700	
  detectors	
  for	
  2	
  μK.arcmin	
  final	
  CMB	
  sensi%vity	
  
100	
  synchrotron	
  detectors	
  
500	
  dust	
  detectors	
  (!)	
   ≈	
  2300	
  detectors	
  

target	
  CMB	
  sensiCvity:	
  2μK.arcmin	
  



Degrades	
  angular	
  resolu%on	
  

•  1.2m	
  aperture:	
  COrE	
  	
  
– about	
  6’	
  for	
  CMB	
  

– 6’	
  and	
  3’	
  for	
  SZ	
  

•  2.5m	
  aperture	
  (without	
  HWP)	
  	
  
– about	
  3’	
  for	
  CMB,	
  	
  

– 3’	
  and	
  1.5’	
  for	
  SZ	
  



The	
  case	
  for	
  no	
  HWP	
  

•  Not	
  required	
  
•  Degrades	
  performance	
  

•  Source	
  of	
  complexity	
  

•  Technological	
  challenge	
  



Source	
  of	
  complexity	
  

•  The	
  HWP	
  will	
  not	
  only	
  modulate	
  polarisa%on	
  
– Poin%ng	
  
– Sidelobe	
  pickup	
  
– All	
  calibra%on	
  parameters	
  
– …	
  

•  We	
  will	
  have	
  to	
  calibrate	
  everything	
  as	
  a	
  
func%on	
  of	
  the	
  HWP	
  angle	
  (!)	
  



Example:	
  poin%ng	
  modula%on	
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The	
  case	
  for	
  no	
  HWP	
  

•  Not	
  required	
  
•  Degrades	
  the	
  performance	
  

•  Source	
  of	
  complexity	
  

•  Technological	
  challenge	
  



Technological	
  challenge	
  

•  Can	
  we	
  make	
  a	
  large	
  HWP	
  (G.	
  Pisano’s	
  talk)	
  

•  Can	
  we	
  rotate	
  it	
  at	
  30-­‐40	
  K	
  
•  Impact	
  on	
  passive	
  cooling	
  ?	
  

ΔW	
  

300	
  K	
  

30-­‐40	
  K	
  



Conclusion	
  

•  Both	
  op%ons	
  are	
  possible	
  —	
  This	
  cri%cal	
  ques%on	
  
impacts	
  all	
  of	
  the	
  design	
  and	
  target	
  science	
  !	
  

•  Nice	
  to	
  have	
  in	
  theory	
  but	
  source	
  of	
  complexity	
  

•  My	
  proposed	
  baseline:	
  no	
  HWP	
  
–  Explain	
  why	
  in	
  the	
  proposal,	
  using	
  theore%cal	
  arguments	
  
–  Demonstrate	
  it	
  with	
  simula%ons	
  in	
  the	
  phase	
  A	
  study	
  

•  Keep	
  it	
  however	
  as	
  an	
  op%on	
  ?	
  


