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A few minutes on 
measuring polarisation



N. Ponthieu

Intention
❖ Models of star or galactic emissions refer to degree and angle of 

polarisation, CMB cosmology refers to “E and B modes”… but these are 
not directly measurable by incoherent detectors

❖ The science cases are addressed in other talks of this workshop, so here 
I’ll focus on

❖ What we actually measure

❖ How it affects the design of a polarimeter and observations

❖ Not a review but rather an attempt to be pedagogical and illustrate 
principles on a particular case

❖ Experts may skip this talk ;-)
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Polarisation basics
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❖ Light travels towards us along 
the z axis

❖ Polarimetry aims at 
characterising the trajectory of 
the E field in the (x,y) plane

❖ Two particular (canonical) 
states are circular and linear 
polarisations

❖ Instruments can either detect 
the electric field or the 
intensity I=E2
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<latexit sha1_base64="QYUa3FrsNYUbBY9h+fZyv8tnlSM="></latexit>

ωE(t) =

(
a cos 2εϑt
b cos(2εϑt+ ϖ)

)
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<latexit sha1_base64="v+p1tNmq4iyVtt/ByMOAtdbZYrg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LInisYD+wDWWznbRLN5uwuymU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbmd+a4xSsUg86kmMXkgGggWMEm2kp+4YaXo3LevzXrHkVJw57FXiZqQEGeq94le3H9EkRKEpJ0p1XCfWXkqkZpTjtNBNFMaEjsgAO4YKEqLy0vnFU/vMKH07iKQpoe25+nsiJaFSk9A3nSHRQ7XszcT/vE6ig2svZSJONAq6WBQk3NaRPXvf7jOJVPOJIYRKZm616ZBIQrUJqWBCcJdfXiXNi4pbrVQfLku1myyOPJzAKZTBhSuowT3UoQEUBDzDK7xZynqx3q2PRWvOymaO4Q+szx8Kx5CF</latexit>

ωE(t)
<latexit sha1_base64="YP7LfK7eEyULJx724RE4EfrjiJg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLoRim7sroJ9QDuUTJppQzOZMckUh6Hf4caFIm79GHf+jWk7C209cC+Hc+4lN8eLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGgk4i6AR4I5jOCtZHcGrpGtd4TOjM96RVLdtmeAS0TJyMlyFDvFb+6/ZDEARWacKxUx7Ej7aZYakY4nRS6saIRJiM8oB1DBQ6octPZ0RN0YpQ+8kNpSmg0U39vpDhQKgk8MxlgPVSL3lT8z+vE2r9yUyaiWFNB5g/5MUc6RNMEUJ9JSjRPDMFEMnMrIkMsMdEmp4IJwVn88jJpnpedSrlyf1Gq3mRx5OEIjuEUHLiEKtxBHRpA4BGe4RXerLH1Yr1bH/PRnJXtHMIfWJ8/OuyQeQ==</latexit>

I = Ix + Iy
<latexit sha1_base64="DTTncDj9lbWziyuILspfFUBL4O8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBHcWJIisV0IRTe6a8E+oA1hMp20QyeTMDORhtBfceNCEbf+iDv/xklbQUUP3MvhnHuZO8ePGZXKsj6MldW19Y3NwlZxe2d3b988KHVklAhM2jhikej5SBJGOWkrqhjpxYKg0Gek60+uc797T4SkEb9TaUzcEI04DShGSkueWWp5g1hSeAlvvSk80z31zLJVsTQcB+bErlm2JvV6rVqtQ3tuWVYZLNH0zPfBMMJJSLjCDEnZt61YuRkSimJGZsVBIkmM8ASNSF9TjkIi3Wx++wyeaGUIg0jo4grO1e8bGQqlTENfT4ZIjeVvLxf/8vqJCmpuRnmcKMLx4qEgYVBFMA8CDqkgWLFUE4QF1bdCPEYCYaXjKuoQvn4K/yedasV2Kk7rvNy4WsZRAEfgGJwCG1yABrgBTdAGGEzBA3gCz8bMeDRejNfF6Iqx3DkEP2C8fQIDhpMq</latexit>

Qω = Ix → Iy

❖ I = “total intensity” is basis 
independent 

❖ Two extra parameters (Q,U) 
are needed to describe the 
projection of the ellipse

❖ A last parameter (V) 
measures the rotation of E, 
but will be ignored 
hereafter.
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<latexit sha1_base64="v+p1tNmq4iyVtt/ByMOAtdbZYrg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LInisYD+wDWWznbRLN5uwuymU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbmd+a4xSsUg86kmMXkgGggWMEm2kp+4YaXo3LevzXrHkVJw57FXiZqQEGeq94le3H9EkRKEpJ0p1XCfWXkqkZpTjtNBNFMaEjsgAO4YKEqLy0vnFU/vMKH07iKQpoe25+nsiJaFSk9A3nSHRQ7XszcT/vE6ig2svZSJONAq6WBQk3NaRPXvf7jOJVPOJIYRKZm616ZBIQrUJqWBCcJdfXiXNi4pbrVQfLku1myyOPJzAKZTBhSuowT3UoQEUBDzDK7xZynqx3q2PRWvOymaO4Q+szx8Kx5CF</latexit>

ωE(t)
<latexit sha1_base64="YP7LfK7eEyULJx724RE4EfrjiJg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLoRim7sroJ9QDuUTJppQzOZMckUh6Hf4caFIm79GHf+jWk7C209cC+Hc+4lN8eLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGgk4i6AR4I5jOCtZHcGrpGtd4TOjM96RVLdtmeAS0TJyMlyFDvFb+6/ZDEARWacKxUx7Ej7aZYakY4nRS6saIRJiM8oB1DBQ6octPZ0RN0YpQ+8kNpSmg0U39vpDhQKgk8MxlgPVSL3lT8z+vE2r9yUyaiWFNB5g/5MUc6RNMEUJ9JSjRPDMFEMnMrIkMsMdEmp4IJwVn88jJpnpedSrlyf1Gq3mRx5OEIjuEUHLiEKtxBHRpA4BGe4RXerLH1Yr1bH/PRnJXtHMIfWJ8/OuyQeQ==</latexit>

I = Ix + Iy
<latexit sha1_base64="X4iWhXaxcIuoslBDwF+v023Gb28=">AAACCHicdZDLSsNAFIYn9VbrLerShYNFcGNJisR2IRTd6K4Fe4E2hMl00g6dXJiZiCF06cZXceNCEbc+gjvfxklaQUUPzPDx/+cwc343YlRIw/jQCguLS8srxdXS2vrG5pa+vdMRYcwxaeOQhbznIkEYDUhbUslIL+IE+S4jXXdykfndG8IFDYNrmUTE9tEooB7FSCrJ0fdbTjqIBHXMKTyDV84tPFZ3orjl5LpeNiqGKsuCGZg1w1RQr9eq1To0c8swymBeTUd/HwxDHPskkJghIfqmEUk7RVxSzMi0NIgFiRCeoBHpKwyQT4Sd5otM4aFShtALuTqBhLn6fSJFvhCJ76pOH8mx+O1l4l9eP5ZezU5pEMWSBHj2kBczKEOYpQKHlBMsWaIAYU7VXyEeI46wVNmVVAhfm8L/oVOtmFbFap2UG+fzOIpgDxyAI2CCU9AAl6AJ2gCDO/AAnsCzdq89ai/a66y1oM1ndsGP0t4+AesZmAk=</latexit>

Qω1 = Ix → Iy = Qω
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❖ I = “total intensity” is basis 
independent 

❖ Two extra parameters (Q,U) 
are needed to describe the 
projection of the ellipse

❖ A last parameter (V) 
measures the rotation of E, 
but will be ignored 
hereafter.
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ψ

x′￼
y′￼ <latexit sha1_base64="v+p1tNmq4iyVtt/ByMOAtdbZYrg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LInisYD+wDWWznbRLN5uwuymU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbmd+a4xSsUg86kmMXkgGggWMEm2kp+4YaXo3LevzXrHkVJw57FXiZqQEGeq94le3H9EkRKEpJ0p1XCfWXkqkZpTjtNBNFMaEjsgAO4YKEqLy0vnFU/vMKH07iKQpoe25+nsiJaFSk9A3nSHRQ7XszcT/vE6ig2svZSJONAq6WBQk3NaRPXvf7jOJVPOJIYRKZm616ZBIQrUJqWBCcJdfXiXNi4pbrVQfLku1myyOPJzAKZTBhSuowT3UoQEUBDzDK7xZynqx3q2PRWvOymaO4Q+szx8Kx5CF</latexit>

ωE(t)
<latexit sha1_base64="YP7LfK7eEyULJx724RE4EfrjiJg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLoRim7sroJ9QDuUTJppQzOZMckUh6Hf4caFIm79GHf+jWk7C209cC+Hc+4lN8eLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGgk4i6AR4I5jOCtZHcGrpGtd4TOjM96RVLdtmeAS0TJyMlyFDvFb+6/ZDEARWacKxUx7Ej7aZYakY4nRS6saIRJiM8oB1DBQ6octPZ0RN0YpQ+8kNpSmg0U39vpDhQKgk8MxlgPVSL3lT8z+vE2r9yUyaiWFNB5g/5MUc6RNMEUJ9JSjRPDMFEMnMrIkMsMdEmp4IJwVn88jJpnpedSrlyf1Gq3mRx5OEIjuEUHLiEKtxBHRpA4BGe4RXerLH1Yr1bH/PRnJXtHMIfWJ8/OuyQeQ==</latexit>

I = Ix + Iy
<latexit sha1_base64="DTTncDj9lbWziyuILspfFUBL4O8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBHcWJIisV0IRTe6a8E+oA1hMp20QyeTMDORhtBfceNCEbf+iDv/xklbQUUP3MvhnHuZO8ePGZXKsj6MldW19Y3NwlZxe2d3b988KHVklAhM2jhikej5SBJGOWkrqhjpxYKg0Gek60+uc797T4SkEb9TaUzcEI04DShGSkueWWp5g1hSeAlvvSk80z31zLJVsTQcB+bErlm2JvV6rVqtQ3tuWVYZLNH0zPfBMMJJSLjCDEnZt61YuRkSimJGZsVBIkmM8ASNSF9TjkIi3Wx++wyeaGUIg0jo4grO1e8bGQqlTENfT4ZIjeVvLxf/8vqJCmpuRnmcKMLx4qEgYVBFMA8CDqkgWLFUE4QF1bdCPEYCYaXjKuoQvn4K/yedasV2Kk7rvNy4WsZRAEfgGJwCG1yABrgBTdAGGEzBA3gCz8bMeDRejNfF6Iqx3DkEP2C8fQIDhpMq</latexit>

Qω = Ix → Iy
<latexit sha1_base64="bxQjcLoCyrq0tmk6yzXGIxKqiRA=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSxSN5ZETNouhKIb3VUwbaEtYTKdtkMnD2YmYglx46+4caGIW//CnX/jpK2gogcuHM65l3vv8SJGhTSMD21ufmFxaTm3kl9dW9/Y1Le2GyKMOSYODlnIWx4ShNGAOJJKRloRJ8j3GGl6o/PMb94QLmgYXMtxRLo+GgS0TzGSSnL1XcftRILCU3jpJrfFFB5lZFxMXb1glCzDrNplaJQMw7QsW5FqtWKZJjSVkqEAZqi7+nunF+LYJ4HEDAnRNo1IdhPEJcWMpPlOLEiE8AgNSFvRAPlEdJPJByk8UEoP9kOuKpBwon6fSJAvxNj3VKeP5FD89jLxL68dy36lm9AgiiUJ8HRRP2ZQhjCLA/YoJ1iysSIIc6puhXiIOMJShZZXIXx9Cv8njeOSaZfsq5NC7WwWRw7sgX1wCExQBjVwAerAARjcgQfwBJ61e+1Re9Fep61z2mxmB/yA9vYJkUiVuQ==</latexit>

Uω = Ix→ → Iy→
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❖ I = “total intensity” is basis 
independent 

❖ Two extra parameters (Q,U) 
are needed to describe the 
projection of the ellipse

❖ A last parameter (V) 
measures the rotation of E, 
but will be ignored 
hereafter.



N. Ponthieu

Polarisation basics
❖ I = “total intensity” is basis 

independent 

❖ Two extra parameters (Q,U) 
are needed to describe the 
projection of the ellipse

❖ A last parameter (V) 
measures the rotation of E, 
but will be ignored 
hereafter.
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x′￼
y′￼ <latexit sha1_base64="v+p1tNmq4iyVtt/ByMOAtdbZYrg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LInisYD+wDWWznbRLN5uwuymU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbmd+a4xSsUg86kmMXkgGggWMEm2kp+4YaXo3LevzXrHkVJw57FXiZqQEGeq94le3H9EkRKEpJ0p1XCfWXkqkZpTjtNBNFMaEjsgAO4YKEqLy0vnFU/vMKH07iKQpoe25+nsiJaFSk9A3nSHRQ7XszcT/vE6ig2svZSJONAq6WBQk3NaRPXvf7jOJVPOJIYRKZm616ZBIQrUJqWBCcJdfXiXNi4pbrVQfLku1myyOPJzAKZTBhSuowT3UoQEUBDzDK7xZynqx3q2PRWvOymaO4Q+szx8Kx5CF</latexit>

ωE(t)
<latexit sha1_base64="YP7LfK7eEyULJx724RE4EfrjiJg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLoRim7sroJ9QDuUTJppQzOZMckUh6Hf4caFIm79GHf+jWk7C209cC+Hc+4lN8eLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGgk4i6AR4I5jOCtZHcGrpGtd4TOjM96RVLdtmeAS0TJyMlyFDvFb+6/ZDEARWacKxUx7Ej7aZYakY4nRS6saIRJiM8oB1DBQ6octPZ0RN0YpQ+8kNpSmg0U39vpDhQKgk8MxlgPVSL3lT8z+vE2r9yUyaiWFNB5g/5MUc6RNMEUJ9JSjRPDMFEMnMrIkMsMdEmp4IJwVn88jJpnpedSrlyf1Gq3mRx5OEIjuEUHLiEKtxBHRpA4BGe4RXerLH1Yr1bH/PRnJXtHMIfWJ8/OuyQeQ==</latexit>

I = Ix + Iy
<latexit sha1_base64="X4iWhXaxcIuoslBDwF+v023Gb28=">AAACCHicdZDLSsNAFIYn9VbrLerShYNFcGNJisR2IRTd6K4Fe4E2hMl00g6dXJiZiCF06cZXceNCEbc+gjvfxklaQUUPzPDx/+cwc343YlRIw/jQCguLS8srxdXS2vrG5pa+vdMRYcwxaeOQhbznIkEYDUhbUslIL+IE+S4jXXdykfndG8IFDYNrmUTE9tEooB7FSCrJ0fdbTjqIBHXMKTyDV84tPFZ3orjl5LpeNiqGKsuCGZg1w1RQr9eq1To0c8swymBeTUd/HwxDHPskkJghIfqmEUk7RVxSzMi0NIgFiRCeoBHpKwyQT4Sd5otM4aFShtALuTqBhLn6fSJFvhCJ76pOH8mx+O1l4l9eP5ZezU5pEMWSBHj2kBczKEOYpQKHlBMsWaIAYU7VXyEeI46wVNmVVAhfm8L/oVOtmFbFap2UG+fzOIpgDxyAI2CCU9AAl6AJ2gCDO/AAnsCzdq89ai/a66y1oM1ndsGP0t4+AesZmAk=</latexit>

Qω1 = Ix → Iy = Qω
<latexit sha1_base64="IuPUnKE6//SY8efGZL80OgsX8HU="></latexit>

Uω1 = Ix→ → Iy→ ↑= Uω

ψ1
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Polarisation basics
❖ I, Q, U, V are the Stokes parameters 

(G. G. Stokes, 1819-1903)

❖ Operations on these parameters are 
described by Mueller matrices (H. 
Mueller, 1900-1965)

❖ They relate to the degree and angle of 
polarisation:

❖ An incoherent detector sensitive to 
polarisation measures, with its 
direction oriented at alpha w.r.t. x 
measures:

8

ψ

x′￼
y′￼ <latexit sha1_base64="v+p1tNmq4iyVtt/ByMOAtdbZYrg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LInisYD+wDWWznbRLN5uwuymU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+TFnSjvOt5VbW9/Y3MpvF3Z29/YPiodHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbmd+a4xSsUg86kmMXkgGggWMEm2kp+4YaXo3LevzXrHkVJw57FXiZqQEGeq94le3H9EkRKEpJ0p1XCfWXkqkZpTjtNBNFMaEjsgAO4YKEqLy0vnFU/vMKH07iKQpoe25+nsiJaFSk9A3nSHRQ7XszcT/vE6ig2svZSJONAq6WBQk3NaRPXvf7jOJVPOJIYRKZm616ZBIQrUJqWBCcJdfXiXNi4pbrVQfLku1myyOPJzAKZTBhSuowT3UoQEUBDzDK7xZynqx3q2PRWvOymaO4Q+szx8Kx5CF</latexit>

ωE(t)
<latexit sha1_base64="YP7LfK7eEyULJx724RE4EfrjiJg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLoRim7sroJ9QDuUTJppQzOZMckUh6Hf4caFIm79GHf+jWk7C209cC+Hc+4lN8eLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGgk4i6AR4I5jOCtZHcGrpGtd4TOjM96RVLdtmeAS0TJyMlyFDvFb+6/ZDEARWacKxUx7Ej7aZYakY4nRS6saIRJiM8oB1DBQ6octPZ0RN0YpQ+8kNpSmg0U39vpDhQKgk8MxlgPVSL3lT8z+vE2r9yUyaiWFNB5g/5MUc6RNMEUJ9JSjRPDMFEMnMrIkMsMdEmp4IJwVn88jJpnpedSrlyf1Gq3mRx5OEIjuEUHLiEKtxBHRpA4BGe4RXerLH1Yr1bH/PRnJXtHMIfWJ8/OuyQeQ==</latexit>

I = Ix + Iy
<latexit sha1_base64="DTTncDj9lbWziyuILspfFUBL4O8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBHcWJIisV0IRTe6a8E+oA1hMp20QyeTMDORhtBfceNCEbf+iDv/xklbQUUP3MvhnHuZO8ePGZXKsj6MldW19Y3NwlZxe2d3b988KHVklAhM2jhikej5SBJGOWkrqhjpxYKg0Gek60+uc797T4SkEb9TaUzcEI04DShGSkueWWp5g1hSeAlvvSk80z31zLJVsTQcB+bErlm2JvV6rVqtQ3tuWVYZLNH0zPfBMMJJSLjCDEnZt61YuRkSimJGZsVBIkmM8ASNSF9TjkIi3Wx++wyeaGUIg0jo4grO1e8bGQqlTENfT4ZIjeVvLxf/8vqJCmpuRnmcKMLx4qEgYVBFMA8CDqkgWLFUE4QF1bdCPEYCYaXjKuoQvn4K/yedasV2Kk7rvNy4WsZRAEfgGJwCG1yABrgBTdAGGEzBA3gCz8bMeDRejNfF6Iqx3DkEP2C8fQIDhpMq</latexit>

Qω = Ix → Iy
<latexit sha1_base64="bxQjcLoCyrq0tmk6yzXGIxKqiRA=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSxSN5ZETNouhKIb3VUwbaEtYTKdtkMnD2YmYglx46+4caGIW//CnX/jpK2gogcuHM65l3vv8SJGhTSMD21ufmFxaTm3kl9dW9/Y1Le2GyKMOSYODlnIWx4ShNGAOJJKRloRJ8j3GGl6o/PMb94QLmgYXMtxRLo+GgS0TzGSSnL1XcftRILCU3jpJrfFFB5lZFxMXb1glCzDrNplaJQMw7QsW5FqtWKZJjSVkqEAZqi7+nunF+LYJ4HEDAnRNo1IdhPEJcWMpPlOLEiE8AgNSFvRAPlEdJPJByk8UEoP9kOuKpBwon6fSJAvxNj3VKeP5FD89jLxL68dy36lm9AgiiUJ8HRRP2ZQhjCLA/YoJ1iysSIIc6puhXiIOMJShZZXIXx9Cv8njeOSaZfsq5NC7WwWRw7sgX1wCExQBjVwAerAARjcgQfwBJ61e+1Re9Fep61z2mxmB/yA9vYJkUiVuQ==</latexit>

Uω = Ix→ → Iy→

<latexit sha1_base64="o930LpcJ+/MiLNFfWzcdslSCC+Q=">AAACCXicbVBNS8NAEN34WetX1KOXxSIIQkmKVC9C0YveWjBtoUnLZrtpl242cXcjlJCrF/+KFw+KePUfePPfuG1z0NYHA4/3ZpiZ58eMSmVZ38bS8srq2npho7i5tb2za+7tN2WUCEwcHLFItH0kCaOcOIoqRtqxICj0GWn5o+uJ33ogQtKI36lxTLwQDTgNKEZKSz0TxvASuoFAOHXlvVBpo1s5dXQ1u5UsS2+znlmyytYUcJHYOSmBHPWe+eX2I5yEhCvMkJQd24qVlyKhKGYkK7qJJDHCIzQgHU05Con00uknGTzWSh8GkdDFFZyqvydSFEo5Dn3dGSI1lPPeRPzP6yQquPBSyuNEEY5ni4KEQRXBSSywTwXBio01QVhQfSvEQ6RjUTq8og7Bnn95kTQrZbtarjbOSrWrPI4COARH4ATY4BzUwA2oAwdg8AiewSt4M56MF+Pd+Ji1Lhn5zAH4A+PzB98MmTQ=</latexit>

p =

√
Q2 + U2 + V 2

I

<latexit sha1_base64="2mxd3l9rO7OiQr0/t+vCsSew4mA=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSxCBSlJkepFKHrx2IJpC00om+2mXbrZhN2NUEJuXvwrXjwo4tW/4M1/47bNQVsfDDzem2Fmnh8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZg4OGKR6PpIEkY5cRRVjHRjQVDoM9Lxx7dTv/NAhKQRv1eTmHghGnIaUIyUlvrmsRtLCq+hGwiEUztLa5mLBFaIV5zz1lnfLFtVawa4TOyclEGOZt/8cgcRTkLCFWZIyp5txcpLkVAUM5KV3ESSGOExGpKephyFRHrp7I8MnmplAINI6OIKztTfEykKpZyEvu4MkRrJRW8q/uf1EhVceSnlcaIIx/NFQcKgiuA0FDiggmDFJpogLKi+FeIR0okoHV1Jh2AvvrxM2rWqXa/WWxflxk0eRxEcgRNQATa4BA1wB5rAARg8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4AQDiYSg==</latexit>

ω =
1

2
arctan(U,Q)

<latexit sha1_base64="OtsIrfFPiWaclHt3W2S4Zk95Hrk=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0WoCCUpUt0IRTe6a8G0hSaUyXTSDp1MwsxEKCG/4cZfceNCEZe68m+ctllo64GBc8+5lzv3+DGjUlnWt1FYWV1b3yhulra2d3b3zP2DtowSgYmDIxaJro8kYZQTR1HFSDcWBIU+Ix1/fDP1Ow9ESBrxezWJiReiIacBxUhpqW9aIbyCbiAQTu0srWWVO3gGWy6OZM1FLB4hXTqupDwvT/tm2apaM8BlYuekDHI0++anO4hwEhKuMENS9mwrVl6KhKKYkazkJpLECI/RkPQ05Sgk0ktnl2XwRCsDGERCP67gTP09kaJQykno684QqZFc9Kbif14vUcGll1IeJ4pwPF8UJAyqCE5jggMqCFZsognCguq/QjxCOialwyzpEOzFk5dJu1a169V667zcuM7jKIIjcAwqwAYXoAFuQRM4AINH8AxewZvxZLwY78bHvLVg5DOH4A+Mrx/Aa55Q</latexit>

m =
1

2
(I +Q cos 2ω+ U sin 2ω)

<latexit sha1_base64="acuF+wyG1QQBu1fnG5cUDHB0UOo=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcDTNFW10IRTe6a8E+oDOUTJppQzOZkGSUUvspblwo4tYvceffmGkr+Dxw4XDOvdx7TygYVdp1362FxaXlldXcWn59Y3Nr2y7sNFWSSkwaOGGJbIdIEUY5aWiqGWkLSVAcMtIKhxeZ37ohUtGEX+uRIEGM+pxGFCNtpK5dqMMzCMWVjxNV8oWi+a5ddB3v9LhUrsDfxHPcKYpgjlrXfvN7CU5jwjVmSKmO5wodjJHUFDMyyfupIgLhIeqTjqEcxUQF4+npE3hglB6MEmmKazhVv06MUazUKA5NZ4z0QP30MvEvr5Pq6CQYUy5STTieLYpSBnUCsxxgj0qCNRsZgrCk5laIB0girE1aWQifn8L/SbPkeGWnXD8qVs/nceTAHtgHh8ADFVAFl6AGGgCDW3APHsGTdWc9WM/Wy6x1wZrP7IJvsF4/AHqxkuY=</latexit>

Q = pI cos 2ω
<latexit sha1_base64="6rR7LnjWp93OAxApMhsg18hF81c=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiRFW10IRTe6q2DaQhPKZDpph04mw8xEKbGf4saFIm79Enf+jUlbweeBC4dz7uXeewLBqNK2/W4UFhaXlleKq6W19Y3NLbO83VJxIjFxccxi2QmQIoxy4mqqGekISVAUMNIORue5374hUtGYX+uxIH6EBpyGFCOdST2z7MJTCMWlpyivekLRUs+s2JZzclSt1eFv4lj2FBUwR7Nnvnn9GCcR4RozpFTXsYX2UyQ1xYxMSl6iiEB4hAakm1GOIqL8dHr6BO5nSh+GscyKazhVv06kKFJqHAVZZ4T0UP30cvEvr5vo8NhPKReJJhzPFoUJgzqGeQ6wTyXBmo0zgrCk2a0QD5FEWGdp5SF8fgr/J62q5dSs2tVhpXE2j6MIdsEeOAAOqIMGuABN4AIMbsE9eARPxp3xYDwbL7PWgjGf2QHfYLx+AIjNku8=</latexit>

U = pI sin 2ω

x

y



N. Ponthieu

Polarisation basics

❖ For each map pixel, we need at least 3 different angles in [0,180[ to derive I, Q 
and U. Minimum covariance is attained when these angles are evenly distributed.

❖ 1/Different orientations of the polarised detectors and combine them (e.g. 
Archeops, Planck, BICEP/Keck, QUaD, SPT3G…)

❖ Or 2/Enough angle variation per detector to make a map of I, Q, U per 
detector, and then combine them.

❖ To vary the orientation of a detector:

❖ 1/Let the sky rotate w.r.t. the instrument: simple instrumental design, but 
slow compared to sky noise and electronic noise

❖ Or 2/Actively rotate the sky polarisation: Maxipol, SCUpol, CLASS, ACT, 
Simons O., PILOT, NIKA2, LiteBIRD
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Half Wave Plate polarimetry
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m =
1
2

(I + Q cos 4ω + U sin 4ω)HWP + polariser —>
❖ On the bright side

❖ The same detector can measure I, Q and U

❖ Releases constraints on the focal plane 
design

❖ Releases constraints on the scanning 
strategy

❖ Offers huge angular redundancy and 
homogeneity, so optimal covariance

❖ Enables null tests

❖ Rejects the sky noise

❖ Rejects the electronic noise

ω
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Example: NIKA2 @IRAM’s 30m
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❖ Kinetic Inductance Detectors

❖ 6.5 arcmin FOV

❖ Linear polarisation at 1.2mm

❖ HWP continuously rotating at 3Hz



N. Ponthieu

HWP polarimetry

simulatio
n

❖ Total intensity is at low frequencies, 
damped by the beam

❖

❖

❖

❖
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N. Ponthieu

HWP polarimetry

simulatio
n

❖ Total intensity is at low frequencies, 
damped by the beam

❖ Q and U are pushed to frequencies around 
4 times the HWP rot. freq.

❖

❖

❖
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N. Ponthieu

HWP polarimetry

simulatio
n

❖ Total intensity is at low frequencies, 
damped by the beam

❖ Q and U are pushed to frequencies around 
4 times the HWP rot. freq.

❖ Locking-in + low-pass filtering allow to 
separate and recover I, Q, U per detector 
timeline.

❖

❖

14

m =
1
2

(I + Q cos 4ω + U sin 4ω)

Ritacco+17



N. Ponthieu

HWP polarimetry

simulatio
n

❖ Total intensity is at low frequencies, 
damped by the beam

❖ Q and U are pushed to frequencies around 
4 times the HWP rot. freq.

❖ Locking-in + low-pass filtering allow to 
separate and recover I, Q, U per detector 
timeline.

❖ Rotating the HWP above 1Hz puts 
polarisation at frequencies where sky noise 
is negligible and instrumental noise is white

❖ Note: constraints on the observation 
scanning speed vs HWP rotation frequency 
to prevent I and P bandpasses overlap
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HWP polarimetry
❖ On the dark side

❖ Extra piece of hardware

❖ Extra constraints on the electronics, the acquisition rate and 
thus the volume of data to reduce.

❖ Need fast detectors

❖ Strong additional systematic signal due to background 
modulation and reflections at the HWP level

❖ But the bright side prevails !

16NIKA2, IRAM-Report
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Systematic effects
❖ I to P: instrumental polarisation.

❖ Hard to design and build telescope/instruments 
with less than a few % IP. Comparable to many 
science cases. Hard to characterise

❖ IP can vary with the telescope's focus, elevation, 
temperature…

❖ Rotation Q-U mixing:

❖ Absolute orientation of instrument on the sky ?

❖ For local observables, it’s “just” a parameter, but for 
non local observables (e.g. CMB E-B modes), it is 
more problematic.

❖ Polarisation efficiency m = 0.5*(I+r*(Qcos2a + Usin2a))

❖ Need for calibrators ==> PROTOCALC and 
COSMOCAL (A. Ritacco’s talk)
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Measuring polarisation in short
❖ 3 parameters I, Q, U instead of only one

❖ Continuously rotating a HWP at about 1 Hz

❖ Allows high angular redundancy, homogeneity and null tests. Not to mention beam related 
IP systematics.

❖ Requires fast detectors

❖ Produces a systematic modulation of the background, that, although huge, can be controlled.

❖ Usually, I is 10 to 100 times (at least…) larger than Q and U, so instrumental polarisation I to P in 
general is the most critical and may vary in time in a way that is non trivial and difficult to 
assess. It relates to beams.

❖ Strong need for calibrators in the far field, unpolarised (for the beam and IP), polarised for the 
orientation and efficiency

18
R. H. Hildebrand

Being sensitive to polarisation doesn’t make a polarimeter


