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Fig. 5.— Upper-left: The covariance matrix of delay modes from two representative baselines generated by applying a narrow-band delay
transform (§3.6) to data without the application of a wide-band delay filter; upper-right: Similar to upper-left, but applied to data after
the application of a wide-band delay filter (§3.4); lower-left: Similar to upper-right, but after removing per-baseline o↵-diagonal covariance
terms that deviate from the average (§3.7); lower-right: Similar to lower-left, but after removing o↵-diagonal covariance terms common to
all baselines associated with the central seven delay modes. This final step attenuates the expected level of the reionization signal in these
central modes by ⇠30%, but only attenuates other modes by ⇠ 5%.

lossless removal of systematics is another substantial ben-
efit of the highly redundant configurations presented in
P12a.
We apply this technique for each baseline cross-

product, using all baselines except the two being cross-
multiplied for estimating the average covariance in or-
der to avoid, to the greatest extent possible, coupling
baseline-dependent systematics into each estimate of the
common-mode covariance. Iterating this process a mod-
est number of times (two or three), produces an improve-
ment in the results as initial baseline-specific system-
atics are first removed from the baseline, allowing an
improved estimate of the average covariance to be sub-
tracted, such that the remainder of the baseline-specific
systematics are removed. Further iteration is not neces-
sary, as the process rapidly converges to the result shown
in the bottom-left panel of Figure 5.
This process, though quite e↵ective, introduces a sec-

ond issue that must be addressed. In Equation 5, we
were careful to exclude products between the same base-
line in order to avoid incurring the noise bias that would
result. The benefits of avoiding this bias far outweigh
the slight improvement in sensitivity that including such

“auto-products” would produce. Unfortunately, by using
the average of many baselines to estimate and subtract
an average covariance from each baseline cross-product,
and then subtracting o↵-diagonal terms in the residual,
we couple the baseline-averaged noise into the data from
each baseline. The result is a low-level residual noise bias
approximately equal to the noise in the power-spectrum
estimate.
The most straightforward approach we have found for

eliminating this residual noise bias, other than direct sub-
traction (which introduces additional complications), is
to divide baselines into two separate groups of approxi-
mately equal size. Within each group, we apply the o↵-
diagonal covariance removal process, including the sub-
traction of an average covariance, using data only from
baselines within that group. Then, to avoid incurring a
noise bias, we use only cross-products of baselines be-
tween these two groups to estimate P (k). By excluding
intra-group cross-products, this approach sacrifices a fac-
tor of approximately

p
2 in sensitivity (in mK2), but as

before, we find the benefits of avoiding noise bias to out-
weigh the loss in sensitivity.
The last step in the process of suppressing o↵-diagonal


