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1 Abstract 
We use ISIM CV2 NIRCam dark images to determine the cross-talk between the 4 
different amplifiers in NIRCam detectors. In order to minimize the noise in the 
measurements, we apply a new reduction technique which minimizes the dominant 1/f-
noise contribution. We find cross-talk coefficients with absolute values up to 9×10−4, 
with uncertainties ranging between 4×10−6 and 3.4×10−5, depending on the number of 
images and hot pixels available for the analysis. The cross-talk values do not show any 
indication of time variations. We also find cross talk effects in the pixel read out directly 
after the victim pixels. 
2 Introduction 
When reading out a detector with different amplifiers, either CCDs or IR detectors, it is 
normal to expect some electronic cross-talk. In general, a fraction xtab of the signal 
fa(xa,ya) of a pixel read out in the “offender” amplifier a gets added to the signal fb(xb,yb) 
of the pixel in the “victim” amplifier b that is read out at the same time (As we will see 
later, cross-talk may also affect pixels that are read out immediately after the offended 
ones). Formally:

In most detectors, cross-talk xtab between amplifiers is less than 1%. It can be seen more 
easily in images with bright sources, like saturated stars. Until now, cross-talk has not 
been obvious in NIRCam images, suggesting that the effect is well below the percent 
level. However, K. Volk recently reported cross-talk on the NIRISS detectors of the order 
of 0.6%; this prompted us to quantitatively measure, or at least obtain upper limits for the 
cross-talk in the NIRCam detectors. 
Even though the cross-talk occasionally shows a small spatial and/or signal dependence 
(e.g., the Mosaic 1.1 at the Kitt Peak Mayall 4m telescope), in most cases a single 
constant xtab suffices to characterize the effect. Therefore, after the constant xtab has been 
determined for a given amplifier pair a, b, cross-talk can be corrected for in a 
straightforward way:  

TECHNICAL 
REPORT 

When there is a discrepancy between the information in this 
technical report and information in JDox, assume JDox is correct.



JWST-STScI-004361 
SM-12 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

 - 2 - 
 

 
How the pixels (xa,ya) and (xb,yb) are paired depends on the detector geometry and read 
out pattern. For NIRCam, amplifier 2 and 4 are readout in the opposite direction than 
amplifier 1 and 3, which needs to be taken into account. 
Table 1 The first two columns show the SCA name and ID, respectively. The third column shows the 
number of exposures used for each detector. The Start and End Date columns indicate the date/time 
range in 2014 from which the images were drawn. The last 4 columns indicate the median number of 
hot pixels in the different amplifiers for the different detectors. 

 
3 Analysis 
3.1 Data Set 
For our analysis we use all the ISIM CV2 dark ramps that were used by Karl Misselt 
from the University of Arizona NIRCam team to produce the dark reference frames. 
These dark ramps have 108 groups. An overview of the images used is shown in Table 1, 
together with the total number of pixels suitable for our purposes. 
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Figure 1 Example of the difference between the last and the first group. The left panel shows the 
uncorrected image, the middle panel the 1/f correction, and the right panel the corrected image. All 
panels have the same gray scale. 

Table 2 This Table shows for each amplifier a the 3σ  clipped weighted mean and its standard 
deviation of the read noise σRN,a after the 1/f correction is applied as described in §3.2. For each 
mean, between 10 and 38 images were used (see Table 1). 

 
3.2 Image Reduction 
For our analysis we first subtract the first group of the dark ramp from all subsequent 
groups, This removes all fixed pattern (bias) structures from the images that would render 
impossible our spatial analysis, at the expense of doubling the readout noise (variance) 
and injecting some correlated 1/f noise between images (the one of the first image). Since 
cross-talk is a small effect, it is therefore important to further reduce the noise, in 
particular the dominant 1/f noise. The left panel of Figure 1 shows the uncorrected 
difference between the first and last group of a typical ramp, showing the typical 1/f-
noise horizontal bands. Also in order to speed up the analysis, we only used one out of 
every five groups. This means that after subtracting the 1st group from each ramp of 108 
groups, we considered only 21 groups. 
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Table 3 This table shows for each amplifier a the 3-sigma clipped weighted mean and its standard 
deviation of the 1/f noise σ1/f,a derived from the 1/f correction image described in §3.2. For each mean, 
between 10 and 38 images where used (see Table 1). 

 

To remove the 1/f noise, we determine a correction from the science images alone. This 
has the advantage that we can use many more pixels per row, and the 1/f correction is not 
limited by having only 8 reference pixels per row read at a single intermediate frequency. 
Our original idea was to calculate for each pixel the 3σ-clipped uncertainty-weighted 
average of the adjacent 100 pixels, located on the same row. In practice, after some 
experimentation, in order to speed up the reduction process we decided to do this 
calculation every 50th pixel and set all pixels within 25 pixels to the same value. Since 
most of the 1/f noise is at low frequencies, and fully dominated by readout noise above 
3KHz (corresponding to 30 pixels), this is sufficiently accurate. The middle panel of 
Figure 1 shows this correction we calculate, and the right panel shows the 1/f corrected 
(subtracted) image. The resulting image does not show any signs of the 1/f bands and has 
(nearly) zero average. 
In Figure 2, we plot the contribution from the 1/f noise σ1/f (calculated as the standard 
deviation of the correction image) versus the read noise after correction σRN (calculated 
as the standard deviation of the corrected image) for the different detectors and amplifiers. 
The readout noise, after dividing by 2 to account for the differential image, ranges 
between 4 and 6 ADUs, with small variations for each given detector/amplifier. The 1/f 
noise contribution shows a much stronger variation, ranging overall from 3 to 9 ADU: the 
1/f noise therefore appears to contributes an amount of noise larger than the readout noise, 
especially for Module B. Tables 2 and 3 show the mean σRN and σ1/f for the different 
detectors and amplifiers derived from all the dark frames used. 
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Figure 2 The left and right panel show the 1/f noise σ1/f versus the read noise σRN for module A and B, 
respectively. Amplifiers 1-4 are indicated with squares, circles, triangle, and diamonds, respectively. 
Different colors indicate different detectors. 

3.3 Hot Pixels 
We can determine the cross-talk using pixels that have a significantly higher count 
than the average. One choice is cosmic rays, another choice is hot pixels. For our 
analysis we choose hot pixels, since they usually represent a stable characteristic 
of the detector. We identify hot pixels with the following recipe: 

• We use a set of 10 dark ramps for each detector  
• For each dark, we subtract the first group from the last group, and 

then ���identify all pixels with more than 600 counts as hot pixel candidates. 
We note that the typical dark signal is on the order of 20 counts in the long 
wavelength detectors, and significantly smaller than 10 counts in the short 
wavelength detectors.  

• A candidate is selected as a hot pixel if it is found in at least 50% of the 
ramps. ���  

The # of hot pixels varies strongly with detector and amplifier (see Table 1), 
which has an impact on the uncertainty of the cross-talk determination.  
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Figure 3 Example of the cross-talk between amplifier 1 and 2 of the BLONG detector. The transition 
between amplifier 1 and 2 is between the columns at x = 511 and 512. The hot pixel is at x1 = 509 (red 
circle). The corresponding position x2 = 514 is marked with a yellow circle, and the pixel read out 
directly after at x2 = 513 with a cyan circle. 

3.4 Calculating the Cross-talk 
The first step to calculate the cross-talk is to determine the position of the pixel (xb,yb) in 
the victim amplifier b that is read out at the same time as the hot pixel at (xa,ya) in the 
offender amplifier a. Due to the setup of the NIRCam amplifiers, yb=ya. Amplifier 1 and 
3 are read out to the right (i.e., pixels are read out along the positive x-axis direction) 
whereas amplifier 2 and 4 are readout towards the left (i.e., pixels are read out along the 
negative x-axis direction). Therefore we consider 2 cases, with the convention that the 
first pixel read out in the image has (x,y)=(0,0): 

 

An example is shown in Figure 3: here the hot pixel in amplifier 1 at x1 is indicated with a 
red circle. The corresponding pixel in amplifier 2 at position x2 indicated with a yellow 
circle shows a somewhat more negative signal than the background. We also note that the 
pixel readout directly after at position x2 − 1, indicated by a cyan circle, has a somewhat 
more positive signal. 
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Figure 4 Upper panel: average ramp of all hot pixels after the individual ramps are scaled so that the 
last group has 30000 counts. Lower panel: average ramp of the victim pixels after the same 
individual scaling is applied. 

However, these signals are often within 3σ of the mean background level. Just for 
illustration purposes, we scale all hot pixel ramps in amplifier 1 so that the count in the 
last group is 30,000 ADUs, and average them to derive a representative hot pixel ramp 
(upper panel of Figure 4). Then we apply the same scaling factors to the pixel ramps in 
each of the 3 victim amplifiers that are read out at the same time than the offending pixel, 
and create an average victim ramp for each of those amplifiers (lower panel of Figure 4). 
For comparison, we also plot a line showing the hot pixel counts multiplied by an ad-hoc 
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factor -0.0006. Finally, as a control, we do the same scaling and averaging for a randomly 
selected pixel. The plot illustrates that for offender amplifier 1 of SCA A1, the cross-talk 
values are about -0.065%. For the victim this corresponds to about 35 ADUs at offending 
saturation level (55,000 ADUs). We note that the non-linear shape of the hot pixel ramp 
is conserved in the victim pixel signal, which represents both a strong confirmation and, 
at least in principle, a complication requiring an ad-hoc non-linearity correction even at 
low signal levels.  
Since the shape is preserved, for a given hot pixel at (xa,ya), we can calculate the cross-
talk xtab,0 (where ‘0’ indicates the victim pixel, read out at the same time as the offender 
pixel) independently on the intensity of the signal, using the relation 

 
We also investigate the pixels next to the victim at (xb,yb): 

 
We want to determine if the readout direction has an impact on the cross-talk. Therefore 
we define as xtab,post the cross talk for the pixel that is read out directly after (xb,yb), and 
as xtab,pre the one that is read out directly before: 

 
For NIRCam detectors, it is always true that yb = ya and we can assume for our dark 
frames that the signal f(xb,yb) ≪ f(xa,ya) and is close to zero. This means that the 
uncertainty in f(xb,yb), after 1/f correction, is read noise dominated, and therefore the 
uncertainty in xtab can be estimated as: 

 
We can use this uncertainty for all cross-talk values xtab,k (see Equation 7 to 13) 
associated with a given offender hot pixel at (xa,ya). 
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3.5 Calculating the Cross-talk for a Given Image and Group 
For any given image i, group g, and amplifier a we can now calculate the cross- talk 
values XTab,k(i,g) by calculating the 3-sigma clipped weighted average of xtab,k(xb,yb) for 
all hot pixels in amplifier a. Figure 5 shows an example of the cross-talk values 
XT1b,0(i,g) (blue points) for amplifier 1 as offender, together with XT1b,k(i, g) for the first 
(k = post − blue, pre − black) and second k = ±2 (black) adjacent pixels. The plot shows 
that only the pixels that are read-out at the same time (XT1b,0(i, g)) or immediately after 
(XT1b,post(i, g)) the offending pixel show cross-talk values significantly different from 
zero. Furthermore, it appears that XT1b,0(i,g) ≈ −XT1b,post(i,g), an unexpected feature 
which we will investigate further in §3.8. 
In general, the cross-talk values don’t show a dependence on the group g. On the other 
hand, the uncertainties for the cross-talk values for small g are larger since the signal in 
the hot pixels is smaller for small g (see Equation 14). In Figure 6, we show the reduced 
χ2 histograms of 4 randomly selected examples of XTab,k(i,g) using all detectors, images, 
and groups. The reduced χ2 histograms have their peak very close to 1.0 and have a 
modest width. We conclude therefore that our 1/f-correction (see §3.2) works as expected, 
and Equation 14 is an excellent estimate of the uncertainty in the cross-talk values. 
We note that both determining the cross-talk coefficients as well as correcting for the 
cross-talk needs to be done before any non-linearity correction is applied. The reason is 
that any non-linearity correction would not correct for the non-linearity of the cross-talk 
signal itself (see lower panel of Figure 4). Thus the offending hot pixel ramp would be a 
straight line, whereas the victim pixel ramp would still be non-linear, leading to a signal-
dependent cross-talk.  
3.6 Final Values of the Cross-talk 
For a given SCA, we calculate the final cross-talk values 𝑋𝑇ab,k as the 3σ- clipped 
weighted average of all 𝑋𝑇ab,k, for all difference images i and group g = 20 (see Figure 7 
for an example of SCA A1 and offending amplifier 1). We note that g = 20 in the 
difference image corresponds to group g = 105 in the original image (see  Section 3.2). 
The final values of 𝑋𝑇ab,0 and 𝑋𝑇ab,post are shown in Tables 5, 6 and Tables 7, 8, ranging 
from -9×10−4 to 8×10−4. 
The uncertainty in 𝑋𝑇ab,k depends mostly on the number of images used and the number 
of hot pixels in the offender amplifier. Since the number of hot pixels is similar for all 
amplifiers in a given SCA (see Table 1), the median of these uncertainties is a good 
estimate of the uncertainties of all 𝑋𝑇 values of a given SCA. The uncertainties range 
from ∼4 × 10−6 for the long wavelength SCA’s with many hot pixels to ∼3.5 × 10−5 for 
SCA B3, which has the lowest number of hot pixels and images. Table 4 lists the 
minimum, maximum, and median of the uncertainties for 𝑋𝑇ab,0 and 𝑋𝑇ab,post in columns 
2-4, respectively, for each detector. 
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Figure 5 Cross-talk values XT1b,k versus group g for offender amplifier 1 of SCA A1 determined 
independently from the different groups of an example dark frame, where k is in [0, post, pre, −2, +2]. 

 

 

Figure 6: χ2 histograms of 4 randomly selected examples of cross-talk 
(𝑿𝑻12(i,g),  𝑿𝑻23(i,g),  𝑿𝑻31,−1(i,g),  𝑿𝑻42,−2(i,g)) using all detectors, images, and groups.  
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Figure 7 Cross-talk values 𝑿𝑻1b,k versus MJD for offender amplifier 1 of SCA A1 determined 
independently from the last group of an example dark frame, where k is in [0, post, pre, −2, +2]. 

3.7 Time Dependence of the Cross-talk 
In Figure 7, we show the 𝑋𝑇ab,k(i, g) values versus MJD of SCA A1 for amplifier a = 1 
and the last group g = 20, the worst offender due to the highest counts. The plot shows no 
obvious temporal variation in the cross-talk. The same plots for all detectors and offender 
amplifiers, shown in Figures 10-27, provide similar qualitative results. 
Next we will obtain quantitative limits on the time dependence. When we calculate the 
weighted mean 𝑋𝑇ab,k, we also calculate their standard deviations, and reduced χ2. The 
left panel of Figure 8 shows the χ2 distributions of 𝑋𝑇ab,k for k in [0,post,−2,+2]. All χ2 

distributions peak at ∼1, indicating that the error propagation has worked. The spread in 
the χ2 values can be expected since the averages are done with 10-38 values (since there 
are 10-38 images per SCA). Most importantly, the χ2 distributions for the victim pixel 
that show the cross-talk effect (𝑋𝑇ab,0 and 𝑋𝑇ab,post) are not different to the ones from the 
pixels that do not show the cross-talk effect (𝑋𝑇ab,−2 and 𝑋𝑇ab,+2). Any true temporal 
variations of the cross-talk would cause the χ2 distribution of 𝑋𝑇ab,0 and 𝑋𝑇ab,post to skew 
toward larger values. Table 9 lists the minimum, maximum, and median of the χ2 for each 
detector. 
The right panel of Figure 9 shows the standard deviations of 𝑋𝑇ab,k versus 𝑋𝑇ab,0 for k in 
[post,−2,+2]. The standard deviation depends mainly on the number of hot pixels in the 
offending amplifier, causing the spread from 2×10−5 to 1.5 × 10−4 (see also column 5-7 
in Table 4). There is an excellent 1 to 1 correlation between the standard deviations of the 
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different 𝑋𝑇ab,k. Any temporal variation in the cross-talk would increase the standard 
deviations, and would cause a deviation from this 1 to 1 correlation when comparing 
victim pixels that show no cross-talk (𝑋𝑇ab,0 and 𝑋𝑇ab,post) to victim pixels with cross talk 
(𝑋𝑇ab,−2 and 𝑋𝑇ab,+2). Furthermore, temporal variations have the strongest contribution in 
small standard deviations, so if there are significant temporal variations, strong deviations 
from the 1 to 1 correlation would be seen for small standard deviations, which is not the 
case (right panel of Figure 8). 

We conclude that with the current data there is no evidence for temporal variations in the 
cross-talk. The standard deviations give upper limits on the temporal variations, and 
mainly depend on the number of hot pixels in a given SCA and offending amplifier. For 
the long wavelength SCA’s (ALONG and BLONG), the upper limits on variability is 3 × 
10−5. For the short wavelength SCA’s, the limits range from 4 × 10−5 to 1.5 × 10−4. The 
standard deviations are listed in Table 4 for each SCA. 

 

Figure 8 The left and right panels show the χ2 and standard deviation of the 𝑿𝑻ab,k. 

3.8 Dependence of 𝑿𝑻ab,0 and 𝑿𝑻ab,post 
In Figure 9 we plot 𝑋𝑇ab,k versus 𝑋𝑇ab,0 for k in [post, pre, −2, +2], for all detectors. 
There is a strong dependence 𝑋𝑇ab,post ≈ −𝑋𝑇ab,0, and no dependence in the other 3 cases. 
It is interesting to note that all the most negative cross-talk 𝑋𝑇ab,0 values, and 
consequently the most positive 𝑋𝑇ab,post values, are caused by offender amplifier a = 1 
(open red circles, 𝑋𝑇ab,0 < −2.5×10−4).  Similarly, the 7 most positive cross-talk 𝑋𝑇ab,0 
values are from 𝑋𝑇23,0, 𝑋𝑇32,0, 𝑋𝑇34,0, and 𝑋𝑇43,0  of both ALONG and BLONG 
(indicated with the black rectangle in Figure 9). This means that all strong cross-talk is 
caused by either offending amplifier 1 or from well-defined offender/victim pairs in the 
long wavelength SCAs BLONG and ALONG. 
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Figure 9 Plot of 𝑿𝑻ab,k versus 𝑿𝑻ab,0 for k in [post, pre, −2, +2] of all detectors. The 𝑿𝑻1b,post values 
for offender amplifier 1 are indicated with the red open circles. The black rectangle indicates large 
absolute cross-talk values from ALONG and BLONG. 
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Table 4 When the weighted mean  𝑿𝑻ab,0 and  𝑿𝑻ab,post are calculated, their uncertainties, standard 

deviations, and reduced χ2 are also derived. This table shows their minimum, maximum, and median 
for each SCA. 

 
4 Discussion and Conclusions 
After K. Volk discovered cross-talk in the NIRISS SCA on the order of 6×10−3, we 
investigated if we find the same effect in NIRCam SCAs. We performed our analyis on a 
data set of long dark images (108 frames) taken during ISIM CV2. After applying a 
spatial filter to correct for 1/f noise, we used the hot pixels to measure with high S/N the 
cross-talk between different amplifiers. 
We find cross-talk values between −9 × 10−4 and 8 × 10−4. Our accuracies range between 
4 × 10−6 and 3.4 × 10−5 for the final weighted means, depending on the number of images 
and hot pixels available for the analysis. All reduced χ2 distributions peak at ∼1, 
indicating that our error propagation works correctly. 
We do not find any evidence for temporal variations in the cross-talk down to a 
conservative limit of 1.5 × 10−4 for all SCAs, and for some SCAs with good statistics 
even down to 3 × 10−5. We find that all extreme cross-talk values are either from offender 
amplifier 1, with the exception of amplifier 2 on victim 3 (𝑋𝑇23) or amplifier 3 on victim 
2 and 4 (𝑋𝑇32, 𝑋𝑇34) for the two long wavelength SCAs. 
Somewhat surprisingly, we find that not only one pixel in the victim amplifier is affected 
by cross-talk, but two: A given pixel in the offending amplifier affects the pixel in the 
victim amplifier that is read out at the same time (𝑋𝑇ab,0), as well as the pixel read out 
directly afterwards (𝑋𝑇ab,post). In addition, the effect is inverted in that 𝑋𝑇ab,post ≈ 
−𝑋𝑇ab,0. Kevin Volk saw this effect when he analyzed the cross-talk ghost of a snowball 
in a NIRISS image: The ghost image had a positive and a negative part, which was 
difficult to explain at that time. With this analysis, it is now clear what caused this effect 
and that we can correct for it. Even though most of the cross-talk values are small 
compared to the IPC, their effect still needs to be corrected for. As an example, a 
saturated pixel produces a ghost image of ∼40 ADUs in the victim amplifier, for a cross-
talk of 8 × 10-4, well above the 3σ detection limit. This correction can be done by simply 
applying Equation 2 to the data, using cross-talk coefficients pre-determined from a set of 
calibration dark frames. The limited CV2 data suggests that there is no temporal variation 
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in the cross-talk on timescales of at least weeks, and therefore occasional 
revalidation/adjustments of the cross-talk coefficients should be sufficient to ensure the 
continued validity of the correction.  
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Table 5 Cross-talk values  𝑿𝑻ab,0 for offending amplifier 1 and 2. 

 
Table 6 Cross-talk values 𝑿𝑻ab,0 for offending amplifier 3 and 4. 

 
Table 7 Cross-talk values 𝑿𝑻ab,post for offending amplifier 1 and 2. 
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Table 8 Cross-talk values 𝑿𝑻ab,post for offending amplifier 3 and 4. 
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Figure 10 Cross-talk for offending amplifiers 1 and 2 of SCA A1 are shown in the upper and lower 
panels, respectively. 
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Figure 11 Cross-talk for offending amplifiers 3 and 4 of SCA A1 are shown in the upper and lower 
panels, respectively. 
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Figure 12 Cross-talk for offending amplifiers 1 and 2 of SCA A3 are shown in the upper and lower 
panels, respectively. 
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Figure 13 Cross-talk for offending amplifiers 3 and 4 of SCA A3 are shown in the upper and lower 
panels, respectively. 

 
 



JWST-STScI-004361 
SM-12 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

 - 23 - 
 

 

 
Figure 14 Cross-talk for offending amplifiers 1 and 2 of SCA A4 are shown in the upper and lower 
panels, respectively. 
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Figure 15 Cross-talk for offending amplifiers 3 and 4 of SCA A4 are shown in the upper and lower 
panels, respectively. 
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Figure 16 Cross-talk for offending amplifiers 1 and 2 of SCA ALONG are shown in the upper and 
lower panels, respectively. 
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Figure 17 Cross-talk for offending amplifiers 3 and 4 of SCA ALONG are shown in the upper and 
lower panels, respectively. 
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Figure 18 Cross-talk for offending amplifiers 1 and 2 of SCA B1 are shown in the upper and lower 
panels, respectively. 
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Figure 19 Cross-talk for offending amplifiers 3 and 4 of SCA B1 are shown in the upper and lower 
panels, respectively. 
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Figure 20 Cross-talk for offending amplifiers 1 and 2 of SCA B2 are shown in the upper and lower 
panels, respectively. 
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Figure 21 Cross-talk for offending amplifiers 3 and 4 of SCA B2 are shown in the upper and lower 
panels, respectively. 
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Figure 22 Cross-talk for offending amplifiers 1 and 2 of SCA B3 are shown in the upper and lower 
panels, respectively. 
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Figure 23 Cross-talk for offending amplifiers 3 and 4 of SCA B3 are shown in the upper and lower 
panels, respectively. 
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Figure 24 Cross-talk for offending amplifiers 1 and 2 of SCA B4 are shown in the upper and lower 
panels, respectively. 
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Figure 25 Cross-talk for offending amplifiers 3 and 4 of SCA B4 are shown in the upper and lower 
panels, respectively. 
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Figure 26 Cross-talk for offending amplifiers 1 and 2 of SCA BLONG are shown in the upper and 
lower panels, respectively. 
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Figure 27 Cross-talk for offending amplifiers 3 and 4 of SCA BLONG are shown in the upper and 
lower panels, respectively. 


