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Raw Data
Time 50 mins

Telescope Movement

Sum of detector pairs

Difference of detector pairs

➢ Cover the whole field in 60 such scans

then start over at new boresight rotation

➢ Scanning modulated the CMB

signal to freqs < 4 Hz
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Jackknife: Sensitive Test of Systematics 
Maps using just half the boresight rotation angles:

“Jackknife”:

➢ Difference the two halves 

instead of adding them

➢ Real signal cancels

➢ Systematic enhanced!

subtract
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Systematics Removal: Deprojection

subtract add

Maps using just half the boresight rotation angles:

➢ From well-known temperature 

sky form a prediction of the 

leakage and remove it

➢ Cleans up maps even without 

cancellation from boresight 

rotation

“Deprojection”:
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Systematics Removal: Deprojection
Technique developed to remove

all types of leakage induced by differences 

of detector pair beam shapes

Use the Planck 143 GHz map to form 

template of the leakage

Deproject diff gain and pointing (& subtract 

diff ellipticity)

From simulations using 

beam maps measured 

for each detector individually
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Systematics beyond Beam imperfections

Other systematic effects 

investigated and simulated

[BICEP/Keck III 2015]

Table of jackknife tests and 

corresponding PTE values 

[BICEP/Keck XV 2021]
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𝛿 𝑄 ± 𝑖𝑈 𝑛 =

+ 𝜏 𝑛 ± 2𝑖𝜔 𝑛 ෨𝑄 ± 𝑖෩𝑈 𝑛

+ 𝑓1 𝑛 ± 𝑖𝑓2 𝑛 ෨𝑄 ∓ 𝑖෩𝑈 𝑛

+ 𝛾1 𝑛 ± 𝑖𝛾2 𝑛 𝑇 𝑛

+ Ԧ𝑝 𝑛 ⋅ ∇ ෨𝑄 ± 𝑖෩𝑈 𝑛

+ 𝑑1 𝑛 ± 𝑖𝑑2 𝑛 𝜕1 ± 𝑖𝜕2 𝑇 𝑛
+ 𝑞 𝑛 𝜕1 ± 𝑖𝜕2

2 𝑇 𝑛

New layer of instrumental systematic control:
Are our maps statistically isotropic?

Basis of 11 map-level distortion fields:

[Hu et al. 2003]
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Basis of 11 map-level distortion fields

field instrumental systematics

𝜏 detector gain miscalibration

𝜔 detector polarization angle miscalibration

𝑝1, 𝑝2 detector beam center miscalibration

𝛾1, 𝛾2 A/B detector gain mismatch

𝑑1, 𝑑2 A/B detector differential pointing

𝑞 A/B detector differential beamwidth

𝑓1, 𝑓2 gain miscalibration coupled with deck angle rotation

Different detectors have different coverage on the final map 
which can create a spatially varying distortion effect.
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crinkly-surface model 
[Glusevic et al. 2013]

Patchy reionization

Δ𝑄 ± 𝑖𝑈 = 𝜏 𝑄 ± 𝑖𝑈

Cosmological map distortions
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• photon-axion coupling, 𝑔𝑎𝛾
[Carroll et al. 1990]

• primordial magnetic fields 
[Yadav et al. 2012]

Anisotropic cosmic birefringence

Δ𝑄 ± 𝑖𝑈 = ±2𝑖𝜔 𝑄 ± 𝑖𝑈

Cosmological map distortions
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CMB lensing

Δ𝑄 ± 𝑖𝑈 = Ԧ𝑝 ⋅ ∇ 𝑄 ± 𝑖𝑈

Cosmological map distortions
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Ԧ𝑝
gradient lensing deflection
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The quadratic estimator

Reconstruction of Distortion Fields

measured T or E map

measured B map

filter function 
specific to each 
distortion field

normalization

bias terms: 𝑁𝐿
(0)

, 𝑁𝐿
1
, 𝑁𝐿

lens
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Reconstruction of Distortion Fields
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Systematic simulations

10 % random polarization angle rotation 10 % hour to hour differential gain fluctuation
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CMB lensing convergence

𝐴𝐿
𝜙𝜙

= 1.15 ± 0.36 (BK14 EBEB)

𝐴𝐿
𝜙𝜙

= ? . ? ?± 0.20 (BK18 EBEB)

𝐴𝐿
𝜙𝜙

= 1.03 ± 0.09 (BK18 BB)
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Measure the “distortion” caused by 
a varying dust SED in a component-
separated CMB map

Beyond BICEP/Keck

F. Bianchini K. Wu
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• We use TB and EB quadratic estimators to reconstruct spatially varying 
distortion fields in BK 95 GHz and 150 GHz maps

• Distortion fields can be used for instrumental systematics identification and 
perform measurements of patchy reionization, anisotropic cosmic 
birefringence or lensing

• Distortion fields can be more sensitive to certain types of instrumental 
systematics than traditional EE and BB jackknifes and have been already a 
useful tool to identify spurious instrumental systematics in ongoing data 
analysis

• Could be potentially used for systematics mitigation in the future

Conclusions


