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Abstract
Electromagnetic interference (EMI) adds a periodic signal to MIRI data at a number of distinct
frequencies. When these frequencies are out of phase with the interval between pixel reads, it
imprints a periodic signal on the extracted rate images. This Technical Report builds a framework
to fit and remove this periodic signal from the individual reads, removing its effects from the rate
images. It also presents the frequencies at which EMI appears and selected waveforms. These
frequencies and waveforms, together with the algorithms presented in this Technical Report, may
be used as reference files to enable the efficient removal of EMI signals from MIRI data.

1 MIRI Ramps, Timing, and Periodic Signals
The Mid-Infrared Instrument [MIRI, Rieke et al., 2015] on JWST has three arsenic-doped silicon
detectors that are read out up-the-ramp using four simultaneous outputs. Pixels are read out
sequentially across the array, ultimately returning to the first pixel to read it out again. Over
the course of an exposure, each pixel may be read out many times. The time interval between
reads is the same for every pixel, but the time of each read will differ according to a known,
subarray-dependent pattern.

When MIRI data are processed, a slope (or count rate) is fitted to each pixel’s sequence of
reads. Adding the same value to each read of a pixel (i.e. a constant offset) will not change its
slope. However, adding a different offset to each read will alter the inferred slope. This is relevant
when there is a time-varying signal that is added to every read of every pixel. One example of such
a signal is the so-called 1/f noise that is prominent in HxRG near-infrared detectors [Rauscher
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Figure 1: Signal as measured by four pixels over four reads in the presence of a constant signal
accumulation rate plus an additive sinusoidal signal; the dashed lines show the best-fit lines to each
pixel’s set of four measurements. If the sinusoidal signal remains in phase with the 1Hz readout
as at left, the slopes of the best-fit lines are unaffected. If the sinusoidal signal does not remain in
phase with the readouts, as in the right panel, the measurements are no longer accurately fit by a
line, and the inferred count rate of each pixel is perturbed. The signal is color-coded by the slope
that would be inferred for a pixel first read out at a given time between 0 and 1 second.

et al., 2007]. However, this noise behaves like a Gaussian random field, with a correlation that
approaches zero over long time intervals. It is effectively uncorrelated from one read of a given
pixel to that pixel’s next read and is visible only as a spatial correlation of perturbations to the
inferred rates.

MIRI data, particularly in some observing modes, have one or more periodic signals added to
every read of every pixel. In contrast to the 1/f noise that dominates the near-infrared HxRG
detectors, each of these signals has a stable, well-defined period and a stable waveform: they
remain in-phase throughout even the longest MIRI exposures. We illustrate how such a signal
impacts the reads and, from these, the inferred rates, with an example. Suppose that the MIRI
detector is fully read out in 1 second (for a frame rate of 1Hz). In the absence of noise, each pixel
will accumulate one second’s worth of charge (dependent on its illumination) with each subsequent
read. Now suppose that there is one of two periodic, sinusoidal signals present: either one at 2Hz
or one at 2.1Hz, and that all pixels receive the same amount of light. The signal will steadily
increase, with an additional sinusoidal pattern.

Figure 1 shows the resulting signals as measured by three pixels over the first four reads
together with the best-fit lines through those reads. For the 2 Hz pattern shown at left, the
sinusoidal component is in phase with the readout: it always adds the same value to each read.
The inferred slopes are unaffected and, in the absence of noise, the measurements are perfectly fit
by a line. The 2.1Hz pattern shown at right does not remain in phase with the readout pattern.
The measurements are no longer perfectly described by a line, while the sinusoidal pattern produces
an offset in the best-fit slope that varies pixel-by-pixel.
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Figure 2: Example section of a MIRI image showing a striping pattern in the slopes due to an
uncorrected periodic signal added to the reads. Pixels that are adjacent horizontally are read out
sequentially and have nearly the same value of the periodic signal. The modulation of the slopes is
periodic in the pixel readout times and appears as waves in the slow (vertical) readout direction.

The sinusoidal patterns in Figure 1 are color-coded between zero and one second in time, i.e.,
for the duration when pixels are being read out for the first time (after one second the pixels are
being read out again). The color corresponds to the slope that would be measured for a pixel first
read out at this point. In the left panel, all pixels have the slope correctly measured to be 0.3
units per second. In the right panel, pixels can have their slope measured too high or too low by
as much as ≈0.55 units per second. Depending on the difference between the readout frequency
and the signal frequency, the slope error could be as much as the peak-to-valley amplitude of the
periodic signal divided by the time between the first and last reads, or 2/3 units per second in
this case. The error in the slope measurement has the same periodicity as the underlying signal:
the sinusoidal signal will imprint itself on a resulting image as a perturbation that varies smoothly
with pixel readout order.

Figure 2 shows the impact of a periodic signal on the inferred slopes in a small section of a
MIRI image. The slopes are perturbed by what appears as a wave: nearly constant horizontally
where pixels are read out sequentially, and nearly simultaneously, and slowly varying in the vertical
direction. As shown in Figure 1, the period of the apparent pattern in pixels is the same as the
period of the underlying signal.

The remainder of this Technical Report is concerned with identifying and removing strictly
periodic signals due to electromagnetic interference, or EMI, from a MIRI exposure. This does
not include signals that remain in phase with the readout pattern, as shown in the left panel of
Figure 1, but only patterns like that shown in the right panel of Figure 1 so that they manifest in
rate images as shown in Figure 2.
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2 Mathematical Framework

In this section, we will assume that the waveform and frequency of the EMI signal to be removed
are known. Later in this Technical Report we will derive the waveform of one signal and the
frequencies of four signals. We assume that, with the waveform and frequency known, we could
remove EMI perfectly if we knew the appropriate amplitude and phase. We will concern ourselves
with fitting for these two parameters. The JWST pipeline [Bushouse et al., 2023] at the time of
the initial investigation in this paper (version 1.17.1) fits a slope to each pixel and computes a
residual at each group, then uses these residuals from a limited number of integrations (often just
one) to fit for EMI for an entire sequence of integrations. It does not work well for a small number
of groups, where some of the EMI term ends up in the calculated slope and therefore does not get
removed. In this document, we develop an algorithm to efficiently and rigorously fit for the EMI
phase and amplitude in a way that works well for any number of groups. The principle will be to
find the phase and amplitude that, when removed, make the ramps in all pixels as close to straight
lines as possible.

We will assume that, for a given pixel, the individual measured counts yi at reads i = 1, . . . , N
taken at times ti are given by

yi = ati + b+ czi (1)

where zi is an electromagnetic interference term that is a function of ti and a, b, and c are constants
to be determined. A different phase for the EMI signal would correspond to a different zi; we will
account for this later. We will assume for simplicity that we are treating all pixels as though they
are read-noise dominated in order to fit lines; the covariance matrix for the reads is then diagonal.
Accounting for the full covariance matrix of the reads as in Brandt [2024] would significantly
complicate this analysis. We will also assume read noise to be the same for all pixels.

The assumptions above will be most accurate for dark, well-behaved pixels. In practice we
will take some fraction of the pixels to use for the EMI calculation: ones where the count rate
is relatively low, where the read noise is well-behaved, and where the measured values yi do not
have too much scatter. We will further factor out the read noise variance (equivalently, we will
take it to be unity) since it does not matter for any of the analysis. We will not derive confidence
intervals here and will not strictly identify χ2 with the log likelihood.

With the assumptions above, we can write down χ2 for this pixel as

χ2 =
∑
i

(yi − ati − b− czi)
2 . (2)

We can combine this over many pixels j as

χ2 =
∑
j

∑
i

(yij − ajti − bj − czij)
2 (3)

=
∑
j

∑
i

(
y2ij + a2j t

2
i + b2j + c2z2ij − 2ajtiyij − 2bjyij − 2cyijzij + 2ajbjti + 2ajticzij + 2bjczij

)
.

(4)

In Equation (4), we are taking ti to refer to the time since each pixel’s first read, so that t1 = 0
for all pixels. In this framework ti is not used to track the phase of the EMI signal but simply the
accumulated integration time for each pixel.
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We would like to derive the best-fit c and also the best-fit χ2. We can do this by taking all of the
partial derivatives and solving a huge matrix equation, but that would be inefficient: the size of the
matrix would be 2npix + 1 square, where npix is the number of pixels. We will instead marginalize
each individual χ2 contribution over that pixel’s unknown a and b. Since we are assuming that
read noise is a constant for all pixels, the covariance matrix for a and b is the same for all pixels,
and marginalization is equivalent (up to a constant) to just plugging in the best-fit a and b for
each pixel.

Using the notation of Press et al. [1992], the best-fit aj and bj for pixel j are given by

aj =
1

∆

(
N
∑
i

ti (yij − czij)−

(∑
i

ti

)(∑
i

(yij − czij)

))
(5)

bj =
1

∆

((∑
i

t2i

)(∑
i

(yij − czij)

)
−

(∑
i

ti

)(∑
i

ti (yij − czij)

))
(6)

with

∆ = N
∑

t2i −
(∑

ti

)2
. (7)

For convenience, we will define

St =
∑
i

ti (8)

Stt =
∑
i

t2i (9)

Sy,j =
∑
i

yij (10)

Syy,j =
∑
i

y2ij (11)

Sty,j =
∑
i

tiyij (12)

Sz,j =
∑
i

zij (13)

Szz,j =
∑
i

z2ij (14)

Syz,j =
∑
i

yijzij (15)

Stz,j =
∑
i

tizij (16)

(17)

Substituting these into Equation (4) yields

χ2 =
∑
j

(
Syy,j + a2jStt +Nb2j + c2Szz,j − 2ajSty,j − 2bjSy,j

− 2cSyz,j + 2ajbjSt + 2ajcStz,j + 2bjcSz,j

)
. (18)
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Now we will substitute

aj =
1

∆
(NSty,j − cNStz,j − StSy,j + cStSz,j) (19)

bj =
1

∆
(SttSy,j − SttcSz,j − StSty,j + StcStz,j) . (20)

After some algebra, we obtain an equation of the form

χ2
j = Ajc

2 +Bjc+ Cj. (21)

The Cj term is a constant that is needed if we wish to interpret the absolute value of χ2 or
compute uncertainties, but we are not concerned with either of those tasks here. We only care
about obtaining the best amplitude for the EMI term and the components of χ2 that depend on
the EMI term in order to derive the phase. The Cj term does not have any components that
depend on the EMI component z. We will leave χ2

j as

χ2
j = Ajc

2 +Bjc+ constant. (22)

The other terms are

Aj =
Stt

∆2
(StSz,j −NStz,j)

2 +
N

∆2
(SttSz,j − StStz,j)

2 + Szz,j

− 2St

∆2
(StSz,j −NStz,j) (SttSz,j − StStz,j)

+
2

∆
(StSz,j −NStz,j)Stz,j −

2

∆
(SttSz,j − StStz,j)Sz,j (23)

and

Bj = 2
Stt

∆2
(StSz,j −NStz,j) (NSty,j − StSy,j) + 2

N

∆2
(StStz,j − SttSz,j) (SttSy,j − StSty,j)

− 2
Sty,j

∆
(StSz,j −NStz,j)− 2

Sy,j

∆
(StStz,j − SttSz,j)− 2Syz,j

+ 2
St

∆2
(StSz,j −NStz,j) (SttSy,j − StSty,j) + 2

St

∆2
(NSty,j − StSy,j) (StStz,j − SttSz,j)

+ 2
Stz,j

∆
(NSty,j − StSy,j) + 2

Sz,j

∆
(SttSy,j − StSty,j) . (24)

Regrouping yields

Aj =

(
NS2

tt − S2
t Stt

∆2
− 2Stt

∆

)
S2
z,j +

(
−2NStStt + 2S3

t

∆2
+

4St

∆

)
Sz,jStz,j

+

(
N2Stt −NS2

t

∆2
− 2N

∆

)
S2
tz,j + Szz,j (25)

and

Bj = 2

(
S2
t Stt −NS2

tt

∆2
+

2Stt

∆

)
Sz,jSy,j + 2

(
NStStt − S3

t

∆2
− 2St

∆

)
Stz,jSy,j

+ 2

(
NStStt − S3

t

∆2
− 2St

∆

)
Sz,jSty,j + 2

(
NS2

t −N2Stt

∆2
+

2N

∆

)
Stz,jSty,j − 2Syz,j. (26)
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Further simplification yields

Aj = −
(
Stt

∆

)
S2
z,j +

(
2St

∆

)
Sz,jStz,j −

(
N

∆

)
S2
tz,j + Szz,j (27)

and

Bj =

(
2Stt

∆

)
Sz,jSy,j −

(
2St

∆

)
Stz,jSy,j −

(
2St

∆

)
Sz,jSty,j +

(
2N

∆

)
Stz,jSty,j − 2Syz,j (28)

with the final equation for χ2 being

χ2 = c2
∑
j

Aj + c
∑
j

Bj + constant. (29)

The form in Equation (29), with Aj and Bj defined in Equations (27) and (28), is sufficient for us
to proceed.

3 Deriving an Amplitude and Phase
The previous section showed how to derive χ2 up to a constant given an EMI signal. We would
like to use this to derive both an amplitude, denoted by c, and a phase. The phase defines the
relationship between the pattern denoted by z and the readout time: a different phase corresponds
to a different z in the notation of the previous section.

Equations (27), (28), and (29) have terms like Szz,j, Syz,j, and Sy,jSz,j. Computing these seems
to require a full pass through the routine for each different phase of the EMI waveform (each
different set of zij) when summing over j. There is a more efficient approach, however. Take the
example of ∑

j

S2
z,j. (30)

The time intervals between reads for each pixel are the same, so this sum depends only on the
phase of the signal at a pixel’s initial read. Two pixels that are initially read out with the same
phase of the EMI signal will always be read out with the same phase. We can compute Sz at many
phases for the initial read, and then use the closest initial phase for each pixel j without repeating
the entire sum.

The same principle applies to Stz,j, Stz,jSz,j, Szz,j, etc.: we can compute values at a fine grid of
initial phases and use the closest for each pixel. Sums like S2

tz,j may be handled identically to S2
z,j,

because t just counts the read number, and the number of clock cycles between reads is the same
for all pixels: if two pixels start in-phase, they will be in phase in all subsequent reads. We can
precompute a fine grid of values for, e.g., Sz, and count how many pixels there are at each phase.
If we wish to compute the sums at a different phase, we shift these summed pixel counts by one
or more elements. Simultaneously computing all sums at all phases becomes a convolution of the
discretized values of, e.g., S2

z with the array of counts of each, using periodic boundary conditions.
This case covers all of the sums for the A coefficient.

The B coefficient has some sums that do not quite fall under the case mentioned above, like∑
j

Sz,jSy,j. (31)
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Here, we can use a similar trick as for Sz, but instead of counting the instances of each phase, we
weight each instance of each phase by Sy,j. The sum of Sy,j in each phase bin takes the place of
sum of the counts previously, and can be convolved with Sz in each phase bin.

The final case to cover is ∑
j

Syz,j. (32)

We will expand this to write it as ∑
j

∑
i

yijzij. (33)

We can now use a similar trick as previously: if we discretize the phase, zij can only take a limited
number of possible values, so we can take the sum of yij separately at each possible zij value. If
we want to shift the phase, we can recompute sums, but without repeating the sum of all yij that
share phase bins.

With the tricks outlined above, only one full pass through the sums is needed, followed by
some inexpensive, one-dimensional convolutions and a slightly more expensive calculation for Syz.
We can compute χ2 (up to a constant that does not affect the present analysis) and the best-fit
amplitude of the correction c. To do this, we take

c̃ = −

(∑
j

Bj

)(
2
∑
j

Aj

)−1

(34)

and then
χ̃2 = c̃2

∑
j

Aj + c̃
∑
j

Bj. (35)

Once we have computed, e.g.,
∑

j S
2
z,j at all phases, we can also compute c̃ and χ̃2 at all phase bins

using Equations (34) and (35). We then find the best-fit phase by using a local quadratic fit to
find the minimum of χ̃2 as a function of phase. This quadratic fit will, in general, find the best-fit
phase to be in between values of the discretized phase offsets. We then recompute c̃ at this new
phase. Finally, we apply and remove the EMI pattern given by c̃zij for the new zij.

4 Implementation and Performance
The implementation of the EMI correction algorithm described in this Technical Report begins
with flagging the pixels to be used for the correction. At present, pixels are used if they have a
scatter among reads less than twice the median scatter. This allows most pixels to be used, while
excluding pixels with large fluctuations from read to read that would disproportionately affect χ2.
The JWST pipeline’s jump detection step occurs after the EMI correction, so pixels with strong
cosmic ray signals are excluded by their large read-to-read scatter here.

We proceed with the algorithm described in Sections 2 and 3, using a large number of bins to
discretize the waveform (the JWST CRDS reference files currently use 500 bins equally spaced in
phase). Every read of every pixel will be identified with one of these 500 bins in phase. We then
compute χ2 at 500 candidate phase offsets, one for each bin in the discretized phase. We compute
A and B from Equations (27) and (28) at every phase offset, compute the best-fit amplitude at
that phase and the associated value of χ2, and then fit a quadratic about the best χ2 to find the
best phase. We then recompute A and B at this phase to calculate the best-fit amplitude.
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Figure 3: Comparison of JWST pipeline build 1.17.1 (left) and with the addition of
the new EMI correction routine (right) on one integration of the seven-read MIRI ramp
jw01529005001_03103_00004_mirimage_uncal.fits. The horizontal bands in the left image
are uncorrected 390.625Hz EMI. These are effectively removed by the new algorithm as shown at
right. We use the reference waveform for the 390.625Hz noise supplied in CRDS.

The current implementation allows two basic approaches:

• Fit for an amplitude and phase separately for each integration; and

• Fit for an amplitude and phase across all integrations.

By fitting amplitude and phase separately for each integration, we can track drifts in phase across
very long image sequences due to small phase errors. This will allow us to determine the period
of EMI signals to very high accuracy.

In both cases the new method is faster than the legacy EMI correction routine for large data
sets, assuming that a template waveform is supplied. The legacy EMI correction routine is se-
quential, in the sense that it first estimates the count rate of every pixel and then fits for a phase
and amplitude describing the residual. This contrasts with the approach in this Technical Report
to simultaneously fit for the slopes and the EMI parameters. On a 2024 Macbook Pro, the shape
(10, 100, 1024, 1032) frame jw01283001001_03101_00001_mirimage_uncal.fits takes around
75 seconds with the JWST pipeline Build 1.17.1 and around 20 seconds with the new implemen-
tation; in both cases two EMI frequencies are corrected.

5 Results
We demonstrate the results of the new implementation of the EMI correction on the 390.625 Hz
noise in a seven-read ramp. Short integrations are especially problematic for the legacy correction,
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which first fits for slopes and then fits the EMI waveform to the residuals from these slopes. The
EMI signal can leak into the slope measurements and the two can be difficult to disentangle for
short ramps. A simultaneous optimization of slopes and EMI amplitude resolves this issue, with
no difficulty at low group numbers (so long as there are at least three groups, since two points
determine a line). We do make use of the last read even though it behaves differently from other
reads and are typically not used in ramp fitting. For our case, we only need the EMI term to be
consistent in these reads.

As an example, Figure 3 compares the current and new EMI correction routines on one inte-
gration of jw01529005001_03103_00004_mirimage_uncal.fits (with seven groups). In both
cases we use the reference waveform for the 390.625Hz noise available on CRDS. The left panel
shows strong residual noise with the legacy correction; the right panel shows that it is effectively
removed with the new approach.

6 Frequencies and Waveforms

The previous sections developed a new algorithm to fit for and remove EMI from MIRI data. In
this section, we take advantage of the ability to fit phase separately in each integration in order
to track phase drifts and establish frequencies. Once the frequency of a signal is known, we also
demonstrate an iterative approach to build an accurate model of the corresponding waveform.

One prominent noise source in some MIRI subarrays is at a frequency of 390.625Hz, corre-
sponding to exactly 256 pixel clock cycles. This is the noise source that appears prominently in
the left panel of Figure 3. Other noise sources are known to appear at frequencies of ≈218.5Hz
and ≈165Hz, as indicated by a Fourier transform of pixel values. If we do not know the exact
frequency of a signal, we can adopt trial frequencies and a fiducial waveform (we use a sinusoid)
and look for phase drifts over a very long exposure sequence.

Figure 4 shows this method applied to the noise source near 218.5Hz. When the frequency
is slightly too large or too small (top-left and top-right panels), there is a prominent phase drift
across many integrations. With the appropriate frequency (bottom) there is no measurable phase
drift. This allows us to measure frequency to a precision of nearly 1 part per billion.

The 390.625Hz noise has a period of exactly 256 pixel clock cycles. Inspired by this, we
investigate whether there is a rational number of pixel clock cycles in the 218.5Hz noise. With the
precision available using our frequency measurement, we find that the 218.5Hz noise is consistent
with a period of precisely 256 × 749/419 clock cycles, or a frequency of 218.52052737 Hz. The
218.5Hz noise does not appear in all MIRI subarrays, but only in MASK1065, MASK1140, and
MASK1550, each with 23968 pixel clock cycles per read. While we have not pinpointed the physical
origin of the noise, it seems unlikely to be coincidental that 23968 = 32× 749.

Another noise source has a frequency near 165Hz. By a similar analysis, we find that the exact
frequency is consistent with 164.93055555 Hz, or exactly 256× 45/19 pixel clock cycles. This noise
source does not affect all subarrays, but appears specific to MASKLYOT, with 32400 clock cycles per
read. Again, in what is unlikely to be a coincidence, 32400 = 16× 45× 45.

One noise source in MIRI data is EMI from heater pulses at about 10Hz. The exact frequency of
this noise source turns out to differ slightly from the value of 10.039216 Hz expected theoretically
and supplied with the CRDS reference file jwst_miri_emicorr_0002.asdf. To a precision of
about 1 part in 108, we find a frequency of 10.0392592Hz. Figure 5 shows the apparent phase drift
in a long integration adopting the theoretically expected frequency of 10.039216Hz.
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Figure 4: Integration-by-integration ∆χ2 measurements as a function of phase for a sinusoidal
waveform near 218.5 Hz. In the top-left panel, the adopted frequency is too small by a factor
2.6 × 10−7, so the best-fit phase drifts earlier with each integration. In the top-right panel, the
adopted frequency is too large by a factor of 6.3×10−7, and the best-fit phase drifts later with each
integration. The bottom panel shows negligible phase drift at a frequency of 218.520527 Hz. The
two χ2 minima correspond to positive and negative values of the scaling factor c of the sinusoidal
template (Equation (34)).
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Figure 5: Pinpointing the frequency of the 10Hz heater noise by tracking the apparent phase drift
over 10 integrations of 100 reads each, for nearly an hour of time on-sky. The left panel shows
the frequency of 10.039216Hz supplied in the CRDS reference file, while the right panel shows our
best-fit frequency of 10.0392592Hz.

Frequency (Hz) Period (pixel clocks) Affected Subarray(s) Mode Clock Cycles
10.0392592 9960.8943 All . . .

390.625 256 Many Not divisible by 256
218.52052737 256× 749/419 MASK1065, MASK1140, MASK1550 23968 = 16× 749
164.93055555 256× 45/19 MASKLYOT 32400 = 16× 452

Table 1: Known EMI Frequencies and Affected JWST Subarrays

Finally, we iteratively fit for the waveform of the 10Hz noise by adopting a narrow Gaussian as
our template, finding the best-fit amplitude and phase, removing it from our ramps, and iterating
until no further noise is fitted. The sum of the narrow Gaussians at their best-fit phases and
amplitudes constitutes our final reference waveform.

Figure 6 shows the new 10Hz waveform compared to the previous waveform; the features are
slightly narrower and better-defined. The new frequency and waveform improve suppression of
10Hz noise in MIRI images. The improvement can approach a factor of 2 in very long exposure
files (≳1 hour) where the revised frequency is important to keep the signal in-phase, though even
if uncorrected the 10Hz noise typically increases the read-to-read scatter by no more than 1%.

Table 1 lists the known EMI frequencies, including those whose frequencies are derived in this
report. Only the 10Hz heater noise affects all modes. The prominent 390 Hz noise affects many
MIRI modes, as all but FULL_SLOW, BRIGHT_SKY, and SUB256 have a number of clock cycles per
frame that is not divisible by 256. As a result, in all but these modes, the 390.625Hz noise will be
out-of-phase through the duration of a ramp. This makes the suppression of 390.625Hz noise in
postprocessing crucial.
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Figure 6: CRDS waveform for the 10 Hz noise (blue) compared to our best-fit waveform obtained
by iteratively fitting and adding narrow Gaussians to build up a waveform (orange).
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Figure 7: Example SUB256 image with 30 reads. There is banding associated with the 10Hz EMI
correction. Section 7 discusses the reasons for this behavior.

7 Limitations Near Frame Time/EMI Period Resonances

If the period of an EMI signal is an integer multiple of the frame time, then every pixel will see the
same EMI signal at every read, and there will be no impact on the best-fit slope. This is the case
shown in the left panel of Figure 1. In this section we cover a special feature of the case where the
EMI signal is nearly, but not exactly, an integer multiple of the frame time. This case occurs with
the SUB256 subarray, whose frame time is ≈3.007 times the period of the 10Hz heater noise.

Figure 7 shows a rate image, computed from jw01536019001_02107_00002_mirimage, without
(left) and with (right) an EMI correction. The EMI correction for 10 Hz noise imparts clearly visible
banding artifacts. The raw data consist of 30 reads in the SUB256 subarray, with a frame time of
0.29952 seconds.

To understand the reason for the banding in Figure 7, we construct data with the same frame
time, pixels, and number of reads, but with no signal and white Gaussian noise. The true EMI
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Figure 8: Synthetic data, consisting of zero signal and white Gaussian noise, with EMI fitted and
subtracted assuming a pure sine wave template and three fractional offsets from an integer period
ratio. As the period ratio approaches an integer (left), banding artifacts become increasingly
pronounced.

signal in these data is zero. We then process the data through the EMI correction routine described
in this Technical Report. For our EMI template, we adopt a pure sine wave and a range of periods
that differ slightly from three times the frame time.

Figure 8 shows the best-fit slopes after fitting and removing a sine wave for (nonexistent) EMI,
with the period of the sine wave differing slightly from three times the frame time. In the left
panel, the frame time is 3.0001 times the sine wave’s period, so that the total phase range is 0.003
in 30 reads. In the right panel, the frame time is 3.01 times the sine wave’s period, for a total
phase range of 0.3. Banding is barely visible in the right-hand frame, but is comparable to the
noise in the middle frame and orders of magnitude larger than the noise in the left-hand frame.
The core problem is that, with very little range of phases, the EMI waveform is nearly linear and
is degenerate with actual variations in slope. The phase offset in Figure 7 corresponds to a case
between the middle and right panels of Figure 8, closer to the right than to the middle. Figure 8
shows the banding artifacts that are present with ideal noise properties. The MIRI detector, with
its more complex noise properties, may be expected to have banding problems at a slightly wider
range of detunings of the resonance between the waveform and frame time.

Figure 9 further quantifies the scaling of artifacts in the slope map as a function of the detuning
between the frame time and the EMI template period. In all cases, we use the same synthetic data
set, consisting of 30 reads with zero signal and white Gaussian noise. The scale on the vertical axis
is arbitrary. As the phase offset over 30 reads approaches zero, the fitted EMI amplitude increases
as the inverse of the detuning squared. The extra variance imparted to the slope, which is visible
as a large-scale banding artifact, is shown with the line color. At small detunings, it scales linearly
with the fitted EMI amplitude. As the detuning approaches a full period over the ramp, both the
fitted EMI amplitude and the additional variance imparted to the slope images decrease to nearly
zero.

In light of the analysis in this section, we revisit the frequencies and subarray modes listed in
Table 1. The subarray affected by 390.625 Hz noise with the minimal detuning is SLITLESSPRISM,
with 15904 frame clock cycles. This gives a period ratio of 62.125, or 1

8
phase detuning per read.

The 218.5 Hz and 164.9 Hz EMI modes have period ratios of 52.375 and 53.4375, respectively.
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Figure 9: Best-fit amplitude of an EMI term for data consisting of pure white Gaussian noise
(the vertical scale is arbitrary). As the phase offset approaches zero, it becomes impossible to
distinguish EMI from spatially varying slopes, and the best-fit EMI amplitude increases as the
inverse square of the phase offset. For small detunings from this resonance, the extra variance on
the count rate array (line color) is proportional to the fitted EMI amplitude. The detuning for the
MIRI mode closest to, but not at, resonance is shown with the vertical orange dashed line. This
explains the behavior seen in Figures 7 and 8.

The heater noise has a near resonance with the SUB256 subarray as discussed in this section, with
a period ratio of 3.007. The next smallest detuning is from a full frame readout, with a frame
time of 277504, a period ratio of 27.86, and a fractional detuning of 0.14. We find that the only
subarray and EMI mode vulnerable to the effect described in this section is the combination of
10 Hz heater noise and the subarray SUB256. We therefore recommend against applying an EMI
correction in this single case.
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