Chapter 5

Test and Calibration of SUIT

‘There 1s a saying among those who polish astronomical
marrors, that an optician never finishes a mirror — you take it away

from them.’

— Richard Preston, First Light.

An instrument like SUIT has to go through end-to-end testing to evaluate
the final specifications of the instrument’s performance. This is combined with
generating suitable calibration data that is needed for generating science-ready
data products. This chapter presents the methodologies employed for the pre-
flight and post-flight test and calibration of SUIT. We discuss the pre-flight
tests performed on ground and the results in Section 5.1. The in-orbit test and
results are discussed in Section 5.2. In Section 4.3, we discuss the calibration
procedures for generating the science-ready Level 1 data products from raw
Level 0 data.

This thesis chapter originally appeared in the literature as— Sarkar, J., Nived,
V.N., Roy, S. et al. Test and Calibration of the Solar Ultraviolet Imaging Telescope
(SUIT) on Board Aditya-L1. Sol Phys 300, 60 (2025). https://doi.org/10.1007/s11207-
025-02468-2
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CHAPTER 5. TEST AND CALIBRATION OF SUIT

5.1 Ground Tests and Results

5.1.1 Field of View (FOV)

In order to check for any obstruction due to baffles in light passing through the
SUIT optics, we performed a test to measure the field of view (FOV). This test
was performed before mounting the CCD on the focal plane. For this purpose,
we used a Fizeau interferometer and a f/3.5 transmission sphere with the beam
focused on the focal plane of SUIT. The light passes through the telescope
optics and is retro-reflected by a plane mirror kept at the entrance aperture of
the telescope. The tilt of this mirror is varied to check the vignetting for various
field angles. In the lab, the test was performed for + 23 mm, corresponding
to £ 0.37°, from the center of the imaging plane, in horizontal and vertical
directions. Our analysis of this test reveals that there was no obstruction
throughout this range. Note that while the original requirement for the FOV
is 0.39°, due to mechanical / optical limitations, we could not measure beyond

0.37° during ground tests.

5.1.2 Measurement of Point Spread Function and En-
circled Energy

The ground test setup for the telescope was established in a clean room at
the ISRO Satellite Integration and Testing Establishment (ISITE) in Ben-
galuru, India. We loaded the telescope in a vacuum chamber and cooled the
CCD, maintaining a temperature of —55°C' using liquid nitrogen micro-dosing

through a cooling jacket, which was mounted on the CCD heat pipe.

For this test, we also needed a collimated source. For this purpose, we have
used the flight-spare model of the telescope as a collimator. The light source is
kept at the collimator focal plane to get a collimated beam. This collimator was
placed outside the vacuum chamber and was aligned with the telescope such
that the collimated light entered the telescope through the vacuum chamber

viewport.

Given the specification of the instrument design, the diffraction-limited

diameter of the point spread function (PSF) is &~ 12 ym at a wavelength of
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200 nm. A target smaller than half the diffraction limit of the telescope would
appear as a point source to the telescope optics. Therefore, a pinhole of 5 ym
diameter was placed at the focal plane of the collimator and illuminated by a
xenon arc lamp. The light from this point source gets collimated and passes
through the entire SUIT optics to be finally imaged on the SUIT CCD. We
measured the PSF in all eleven wavelength bands by rotating the two filter

wheels.

A reliable metric for the sharpness of the PSF is to obtain the number of
pixels enclosing 80% of the total energy of the PSF. A smaller radius signifies
a tight PSF, which indicates sharper images. Here we present the PSF in
the NBO7 filter, centered at a wavelength of 388 nm. To obtain the 80%
encircled energy in a PSF spot, it is mandatory to characterize and remove the
background level from the measurements. Here, we estimate the background
by taking the median of counts recorded within a 5-pixel annulus, more than
100 pixels away from the PSF spot in all directions. Figure 5.1 top panels
show the measured PSF at various positions on the CCD. The centroid of
the PSF is noted in each panel of the figure. The bottom panel shows the
encircled energy as a function of radial distance from the centroid for the
PSF's at different positions, as marked. The encircled energy is calculated by
adding the background subtracted counts in 15-pixel annuli centered around
the centroid using the aperture_photometry function publicly available in the
photutils package [43]. The central PSF (blue solid line) rises most sharply,
while the PSF patch farthest away from the CCD center (green dot-dashed
line) rises slowest, indicating a poorer PSF in the latter case. The plot reveals
that near the CCD center, 80% encircled energy is obtained at the radius of

~ 35 um, corresponding to = 2.04 arcsec.

It is important to note that the collimator used in this experiment is the
flight-spare model of the telescope, which has similar optical properties as the
flight model. Therefore, the obtained 80% encircled energy radius is due to the
cumulative effect of the aberrations from the telescope and the collimator. The
wavefront errors of both telescopes were tested interferometrically and showed
similar performance. Given their almost identical nature, the aberrations must
be added in quadrature. Therefore, dividing the 80% encircled energy radius
by /2 gives the contribution from just the telescope. This gives us a radius
of 35/v/2 = 24.75 pum, which is &~ 2 pixels on the SUIT CCD. As SUIT
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primarily uses reflective optics, the measurements in one wavelength band can

be considered to be representative of the PSF in all observation bands.

We further note that the PSF reported here is the worst case scenario

given that the wavefront errors introduced by the viewport are not considered.

5.1.3 Plate Scale and Modulation Transfer Function (MTF)

Plate scale refers to the angular coverage of one pixel in the imaging system.
This is validated by observing an object of known angular size and measuring
the number of accommodating pixels. For this purpose, we have used a United
States Air Force (USAF) resolution target and used the same experimental
setup as described in Section 5.1.2, except for the pinhole being replaced by a
USAF target at the collimator focus and a modified arrangement to illuminate
the target evenly. The USAF target has vertical and horizontal lines of various
thicknesses and spacings. Our analysis used the 16 lines per millimeter pattern

on the USAF target, where each line is equivalent to 3.65”in angular size.

Figure 5.2 plots the intensity cut through the USAF target showing var-
ious line profiles. To obtain the distance between two peaks, we have fitted
Gaussians to two consecutive peaks and obtained their center. The difference
between the center of these Gaussians is the separation between two lines,
which is then compared with the actual separation between these lines. From
this measurement, we find that the plate scale is 0.698” /px, which is almost

identical to the design specification (0.7”/px) as given in Table 1.1.

The MTF of an optical system represents the contrast as a function of
spatial scale/frequency. Here, the contrast is measured with a varying number
of lines per mm in a USAF resolution target using the optical setup mentioned

above. The percentage of contrast is measured as,

B—-D
= 1 1
C 51D~ 00% (5.1)

where,

e (' denotes the contrast percentage, which quantifies the difference in

intensity between the brighter and darker regions in the USAF target
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Figure 5.1: Encircled energy plot for SUIT PSF measured in the lab at various
locations of the CCD for the NBO7 filter. The marked (x,y) coordinates denote
the position of the PSF on the CCD. These measurements are representative of
the PSF in all observation bands.
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Figure 5.2: Line profile of 16 lines per mm pattern on USAF resolution target.
The image of the target is shown here as an inset.
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images.

e B represents the brightness or intensity of the bright regions, through
which light is passing.

e D signifies the brightness or intensity of the darker region, or the opaque

region of the line pattern.

Figure 5.3 plots the measured contrast as function of lines per mm, both
for vertical (blue curve) and horizontal (orange curve) patterns. The plot shows
that the telescope delivers 10% contrast for spatial structures in both vertical
and horizontal directions at 23 lines per mm USAF target. This corresponds
to 2.5”, a larger angular distance than originally anticipated. Note that the
original requirement for the telescope is to deliver 10% contrast at a 1.4”spatial
scale. However, as noted earlier, this measurement includes the aberrations
due to the telescope and the collimator, therefore, representing the upper limit

for resolution.

5.1.4 Read noise and Bias

Read noise refers to the amount of signal the CCD electronics generates while
reading and writing an image to the memory. The Level 0 images have 64
columns on either side of the image, added as overscan pixels. These overscan
pixels are generated by SUIT electronics and are not affected by light falling
on the CCD.

The fluctuation over the set bias value in the overscan pixels provides the
read noise level. We used these overscan pixels during the thermo-vacuum
tests and measured the read noise as 8 e~, which is better than the required
specification of 10 e~. Note that the CCD bias was set to ~ 2500 counts during

ground measurements.

5.1.5 Photometric Calibration

For performing the photometric calibration of SUIT, we have simulated the

instrument throughput for all 11 bandpasses using a composite Sun-as-a-star
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spectrum from SOlar Radiation and Climate Experiment (SORCE)/SOLar
STellar Irradiance Comparison Experiment (SOLSTICE) [22] and SOLar SPEC-
trometer (SOLSPEC) [23] with the transmission/reflectance of all its optical
elements along with the quantum efficiency and gain of the detector and allied
electronics. We compare these values with those obtained from experimental

measurements as described below.

Note that the experimental setup is similar to that described in Section
5.1.2, except that for this test, we use a monochromator to feed light of a
specific wavelength and bandpass at the focal plane of the collimator with an
optical fiber. The central wavelength of the monochromatic light is chosen
based on the bandpass to be calibrated. We use a National Institute of Stan-
dards and Technology (NIST) traceable photo-diode to measure the absolute
power of the light emerging from the collimator to get absolute power mea-
surements. The light from the collimator is fed into the SUIT optical cavity
and imaged. We compare these results with those obtained by throughput
modeling. The ratios of the experimental results are within 20% of the sim-
ulated results as given in Table 4.1. This is except for NB07, which can be
attributed to the low spectral step size of the solar spectrum used for modeling
the instrument throughput. A detailed description of this test can be found in
(39].

5.2 On-Board Test, Observations and Results

5.2.1 Plate Scale

Plate scale refers to the angular coverage of one pixel in the imaging system.
This is validated by observing a subject of known angular size and measuring

the number of accommodating pixels.

For this purpose we use a full disk image taken using the Ca 11 h (396.85 nm)
filter. We measure the diameter of the solar disk in this image using our limb-
fitting algorithm and compare it with the published values of the solar diameter
obtained using Ca 11 K images recorded from the ground [44]. Here we assume

that the formation heights of the Ca 11 H and Ca 11 K lines are approximately
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the same. We also account for the change in the angular size of the Sun for
Ca 11 K observations made from the Earth and Ca 11 H observations from the
Lagrange-1 point. From our observations, we compare the angular size of the
Sun in Ca 11 K with the diameter observed by SUIT in pixels. The plate scale
is measured to be 0.69” /px, which is identical to designed plate scale (0.7”/px).

Note that SUIT is an off-axis telescope. Therefore, the optics show dis-
tortion at high field angles. This causes the plate scale to vary at high field
angles from the field center. As a result, significant elongation of features is
seen as we move from the center to the corners of the CCD. The change is no-
ticeable for field angles > 0.3°. For example, we find from optical simulation
that the plate scale is ~ 0.54” /pz, when distortion correction is not applied at

the extreme corner of the telescope field of view (0.39° x 0.39°).

5.2.2 Field of View

The FOV validation is performed after measuring the SUIT plate scale. The
satellite is off-pointed in pitch and roll axes in steps of 8 arcmins according to
the scheme illustrated in Figure 5.4. Therefore, the Sun is imaged in various
regions of the CCD to map the non-uniformity of illumination and the nature of
vignetting. We combine these images using a maximization algorithm, where
the maximum value of each pixel in a stack of images is written to a blank grid
of pixels. This evenly spreads the intensity of the solar disk across the image
plane, giving us flat illumination across the field of view. Using this image we
can determine the vignette profile of SUIT and measure the unobstructed field
of view (see Figure 5.5). The red dashed circle corresponds to 0.39° radius
from the center of the frame. It is clear from the image that the SUIT field
of view is unobstructed within this circle, which corresponds to the designed
FOV.

Due to an unforeseen misalignment between SUIT and its sister telescope,
namely the Visible Emission-Line Coronagraph (VELC), the Sun’s image falls
on one corner of the SUIT FOV (see left panel Figure 5.7), while the solar
disk is being occulted by VELC. This affects the field of view, as a fraction
of the solar disk falls out of the frame, and a significant portion is affected by

distortion and comparatively inferior PSF at these high field angles.
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MTF from USAF target

10° 4 -
—e— \ertical pattern

—e— Horizontal pattern

Contrast (0-1)

5 10 15 20 25 30 35
Lines per mm

Figure 5.3: Modulation Transfer Function (MTF) curve for vertical and horizon-
tal patterns on the USAF target.

Figure 5.4: Solar off pointing scheme. Images are taken at offsets of £8 and +£16
arcminutes in vertical and horizontal directions about the field center. Each circle
represents the solar disk for each pointing of SUIT.
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Figure 5.5: Off-pointed Sun images taken by SUIT are merged using a maxi-
mization method. The red dashed line shows a circle of radius 0.39°, the field of

view of SUIT. It is noticeable that there is no vignetting within the circle, denot-
ing the SUIT field of view is unobstructed.
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Figure 5.6: SUIT NB3 images captured on the same day roughly 16 hours apart.
Frames a and c: solar image offset to the lower right corner of the CCD, frames b
and d: solar image centered on the CCD. The intensity profile across the blue line
in panels a and b are plotted in panels ¢ and d, respectively, along with the cor-
responding Solar Dynamics Observatory/ Atmospheric Imaging Assembly (ATA)
1600 intensity. We notice that the brightness decays rapidly at the solar limb in
panel d, but varies gradually in panel ¢, due to vignette beyond 0.39° from the
frame center.
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In Figure 5.7, we plot the simulated PSF at four field points marked on
the left panel with the corresponding enclosed energy curves for each point on
the right panel. The radius enclosing 80% of the PSF energy is used as the
metric to evaluate the sharpness of the PSF. From the figure, it is clear that
the radius of the PSF increases with increasing field angle, with that at point

three being drastically poorer as expected.

The effect of the PSF on the imaging can be demonstrated with off-pointed
observations. Figure 5.6 shows one such scenario. The same active region was
imaged =~ 16 hours apart, with the Sun falling on the corner and center of the
SUIT CCD shown in Figure 5.6 a and Figure 5.6 b, respectively. The full-frame
observation clearly shows that the solar disk is distorted and considerably
bigger when the Sun is at the CCD’s corner. For further demonstration, we
take ATA 1600 A observations, co-align, and co-register them to compare with
the SUIT observations. We mark the same active region in panels a & b with
a blue solid line. The SUIT NB03 (solid blue) and ATA 1600 A (solid black)
intensity profiles across the lines are shown in Figure 5.6 ¢ and Figure 5.6 d,
respectively. The SUIT NB4 and AIA 1600 A intensity profiles match closely
when the Sun is pointed at the CCD centre (see Figure 5.6 d). The limb falls off
at a similar angular radius as observed from both SUIT NB03 and AIA 1600 A.
In contrast, the intensity profile across the same region is stretched out when
the Sun falls on the CCD corner and does not agree with the AIA 1600 A
observation. The sharp drop of intensity is not observed in SUIT NBO03, as it
slowly decays off (see Figure 5.6 ¢). This stretching of the intensity profiles is
a clear indication of diagonal stretching of the image due to distortion at the

corner most positions of the CCD.

5.2.3 Dark, Bias and Read Noise

The dark signal refers to the photoelectrons generated by an image sensor per
unit time in the absence of any light. For this measurement, we take a single
240 s exposure with a closed entrance aperture and compute the exposure-
normalized mean counts in each quadrant. The measured mean count was
1.82 e~ px~'s~!, which is significantly better than the specified requirement,

ie, <10 e px~ts 1t
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Similar to the on-ground test, we measured the bias and read noise using
overscan pixels generated by CCD electronics. Our measurements show a read
noise of 9 e~ with a bias level of (466 + 0.12%) counts, which is in close
proximity of the desired read noise of <10 photoelectrons per pixel, with a

bias value of <500 counts.

5.2.4 Flare Localization and auto exposure

The telescope is equipped with an automatic flare detection module which
helps to automatically detect, localize and perform high cadence imaging of
an emerging solar flare. While the telescope has its internal trigger module
that continuously monitors the increase in intensity in the SUIT images, the
provision is also made to get a flare flag from the Solar Low Energy X-ray Spec-
trometer (SOLEXS). To generate internal triggers, we have a parallel stream
of onboard data generation where the instrument records 2x2 binned images
(20482048 pixels) using Mg 11 k (NBO3 filter) every minute. Moreover, we
obtain a parallel data stream from the High Energy L1 Orbiting Spectrometer
(HEL10OS) onboard Aditya-L1 to generate a flare flag. For further details of
the algorithms, see [45].

As soon as a trigger is received, SUIT switches to flare mode, wherein the
telescope records four images within a minute in the Mg 11 k filter to localize the
event. If the onboard logic can isolate the flaring region, SUIT stops full disk
observations and performs Region of Interest (Rol) imaging. This is combined
with automated exposure control, such that the increasing brightness of the

flare does not saturate the pixels [45].

As the SUIT CCD has four quadrants which are read independently [34],
the cadence of the observation depends on the position of the Rol on the
CCD. For observation with a single filter, the cadence of observation ranges
from 1.39 s when the Rol is at the CCD center with some portion of the Rol
being read by each of the 4 quadrants, to 3.08 sec when the Rol completely lies
in one quadrant and is read through one readout. In the normal flare mode,
observations are taken in all eleven filters, and the cadence is limited by the

time taken to cycle through the filters.

Since deployment of the flare detection algorithm, there have been 179 M
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Figure 5.7: Simulated encircled energy plots for different field points in the
SUIT field of view, and the right panel shows the corresponding encircled en-

ergy plots. The left panel shows an image of the sun in the NB03 filter with 4 field
points marked. Field point 0: The center of SUIT CCD (80% Enclosed energy ra-
dius (ESRgy)= 17um), 1: The center of the Sun (ESRgy= 15.6um), 2: field point
at 0.250 x —0.250 deg from CCD center (ESRgy= 18um), and 3: field point at
0.300 x —0.300 deg from CCD center (ESRgo= 33.8um). Notice that the curve of
growth for the PSF at field points 0, 1, and 2 are similar, while that for field point
3 is drastically poor.
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Figure 5.8: The figures in the left and right panels show the X-ray light curves
from HEL1OS (blue curve) and GOES (pink dot-dash curve). The times for
HEL1O0S trigger (black dashed vertical line), SOLEXS trigger (green dotted line),
and the time of flare localization by SUIT (yellow solid vertical line) are shown for
an M2 flare [left] and X2.8 flare [right] .
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class or stronger flares till July 31, 2024 while SUIT was observing. 13 of these
were off-limb flares, with insufficient near-ultraviolet (NUV) signal. Out of
the remaining 163 flares, the flare detection algorithm has localized 55 flares.
Note that these numbers are from the payload verification phase when several
calibration activities were ongoing for SUIT, as well as six other payloads on
the spacecraft. Moreover, as mentioned earlier, due to the misalignment with
VELC, the telescope is almost blind for about 1/3rd of the disk as far as flare
localization is concerned. From observations so far, the best identification is
achieved by creating a flare flag with HEL1OS data. Figure 5.8 represents
an X2.8 flare [top panel] that occurred on May 27, 2024 and an M2 flare
[bottom panel] that occurred on May 21, 2024. The blue solid plot is the
hard X-ray light curve detected by HEL10S. The pink dot-dashed line shows
the Geostationary Operational Environmental Satellite (GOES) flux for the
same flare. The vertical lines denote 1. the time stamps for the flare trigger
generated on-board SUIT from HEL10S data (black-dashed line), 2. the time
of flare localization (yellow-solid line), 3. and the flare flag given by SoLEXS
(green-dotted line). We notice that SUIT successfully localized the flare and
automatically switched to flare mode, with the high-cadence region of interest
observation, within &~ 1 min of flare detection from HEL1OS data for both
X2.8 and M2 flares. This demonstrates the sensitivity of the onboard flare

detection algorithm over a wide energy range.

5.3 On-board Calibration-Level 1 data

5.3.1 Gain Correction

The gain coefficient defines the number of photoelectrons required to register
one Analog-to-Digital Unit (ADU) by the Analog-to-Digital Converter (ADC).
The SUIT CCD has four quadrants for which the gain values are 3.04, 3.09,
3.01, and 2.95, respectively. To normalize the image to the same gain set-
tings, each image quadrant is multiplied by the corresponding gain to convert
the counts to photoelectrons. This is then divided by the mean gain for all

quadrants to get a normalized image representing the signal in counts.
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5.3.2 Pixel Response Non-Uniformity (PRNU)

The pixel response non-uniformity (PRNU) refers to the pixel-to-pixel varia-
tion in sensitivity. The gain of every pixel in an image sensor is not the same.
This leads to a variation of sensitivity across the image. To mitigate this issue,
the image sensor is illuminated with a uniform light source, and the relative

variation in sensitivity is measured from pixel to pixel.

SUIT has a collection of 16 LEDs, 8 each for wavelength bands, namely
355 nm and 255 nm. For each wavelength, 4 LEDs of the same wavelength
glow simultaneously to illuminate the CCD. This is used to measure the PRNU
of the CCD.

The LED image has a large scale illumination pattern, and a pixel-scale
fluctuation due to the PRNU. The large-scale illumination pattern (order of 50
pixels) is isolated by boxcar blurring and removed from the LED image. With
the large-scale patterns removed, the residual gives the pixel-to-pixel variation
in sensitivity, which is the PRNU profile. We divide this profile from Level
0 images to make the necessary corrections. The residual photometric errors
after performing PRNU correction are ~ 0.55% and = 0.36% at 355 nm and

255 nm, respectively.

5.3.3 Flat Field
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Figure 5.9: Flat Field correction to remove diagonal stripe-like pattern in SUIT
images. From left to right, the panels show the generated flat field characterizing
the stripe-like pattern, the middle panel shows an uncorrected image in the BB03
filter, and the right panel shows the flat field corrected version.
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The flat field of a telescope system records the non-uniformity in illumi-
nation across the field of view (FOV). While the PRNU records the small-scale
pixel-to-pixel response variation of the image sensor, the flat field is mainly
used to characterize intensity variations over scales of several tens of pixels

and higher.

These flat field images characterize the unevenness of illumination. Gen-
erally, the telescope aperture is exposed to a uniform intensity of light, and
images are recorded to characterize the non-uniformity. For SUIT, a novel
method was developed to generate the flat field from several off-pointed solar
images combined to illuminate the field of view (FOV). The satellite is off-
pointed in steps of 8 arc minutes in vertical and horizontal axes to cover the
complete field of view with the Sun as per the scheme in Figure 5.4. These
images are combined using a maximization algorithm, which maps the highest
values of all pixels in a stack of images to one image. A detailed account of this
method is given in Section 5.2.2. Boxcar convolution removes the small-scale
structures from this image, preserving the large-scale illumination pattern.
The generated flat field is divided from the image to apply the correction as
shown in Figure 5.9. The achieved intensity variation across the complete field
of view is < 0.11%. The residual photometric error after flat field and PRNU

correction is 0.56%, which meets the requirement of < 1%.

ol o |

0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000 Q 1000 2000 3000 4000
Figure 5.10: Panel (a): NB04 filter image when the Sun is at the center of the
CCD. Image intensity is scaled so that the scatter is visible compared to the Sun’s
intensity. Panel (b): NB04 image at VELC aligned position. Scatter-corrected ver-
sions of images in panels (a) and (b) are shown in panels (c) and (d), respectively.
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5.3.4 Scatter Correction”

The SUIT telescope is susceptible to scattered sunlight. Due to the high
intensity of the Sun, some portion of the sunlight entering the telescope cavity
is scattered, eventually reaching the CCD. This scattered light needs to be

modeled and removed from the images to make reliable observations.

Figure 5.10 shows the bias and gain corrected image of the Sun in the
NB04 filter at two different locations of the CCD. Panel (a) is the SUIT-
centered observation while panel (b) is the SUIT image at VELC aligned po-
sition. Both images are scaled in such a way that the background pattern is
visible compared to the solar intensity. Both the images show a background
pattern which appears due to the scattered light falling onto the CCD. Note
that there is a sharp horizontal jump in the scatter pattern at the quadrant
boundary, but not in the vertical direction. This can be traced back to how
the signal is readout from the SUIT CCD. In SUIT full-disk images, the read-
out happens in the horizontal direction. Therefore, the signal due to scattered
light accumulates during the readout for pixels closer to the center, creating
a sharp vertical jump at the quadrant boundary. Furthermore, the observed
background pattern is filter-dependent, and it varies when the position of the

Sun changes significantly on the CCD.

For calibration, we have to find the background pattern that extends into
the solar disk region and subtract it from the images. The scatter model for
each filter was generated using the off-pointed observations of the Sun. The
details of the scatter correction method for the SUIT-centered observations are

given below,

e We mask the solar disk and the surrounding limb region at a radius below
1600 pixels from the center of the Sun. Everything above this radius is
considered as background pattern and not of solar origin. The typical

radius of the Sun is ~1400 pixels.

e Then, identify two off-pointed images of the Sun where the observed
scatter pattern appears similar to the SUIT-centered observation. Fur-

thermore, the background pattern of the off-pointed image should overlap

“This section is developed by Nived V.N. of IUCAA, India.

99



CHAPTER 5. TEST AND CALIBRATION OF SUIT

with the masked-out region of the SUIT-centered observation.

e In the next step, we crop the scatter pattern of the off-pointed image
and replaced it at the corresponding location in the masked-out region.

Then scaled it to match the background of the masked image.

e The scaling is done separately for each horizontal slice of pixels. Each
slice has two calculated scaling factors from the left and right limbs of the
masked region. We linearly interpolate those values to find the scaling

factor for the remaining pixels of the horizontal slice.

e Then, we repeat the above process for each horizontal slice and create the
scaled scatter pattern that matches the background of the SUIT center
image. Then, the modeled scatter is used to remove the background

pattern from the images.

The scatter-corrected images are presented in the bottom panel of 5.10. A
quantitative evaluation of the scatter correction method is presented in Table
5.1, showing the residual due to scatter is typically well below 1%, except in
Ca 11, due to the presence of a ghost.

5.3.5 Ghost Correction”

SUIT operates with a stack of two filters required to pass the relevant band of
light. The filters, being dichroic in nature, have highly reflective surfaces. This
leads to several reflections between the filters. To minimize this issue, all SUIT
science filters are tilted at specific angles, except NBO8 (Ca 11). Hence, the
Ca 11 images are affected by ghost reflections, as shown in Figure 5.11. Panel A
is the uncorrected image, which contains scattered light and ghost reflection.
The ghost reflection can be seen clearly after scatter correction in the image
shown in panel B. Due to the slight shift in ghost reflection, a portion of the
solar disk is ghost-free and it appears darker compared to the rest of the solar
disk (See left solar limb in panel B). Furthermore, the shift also creates a region
that has only ghost reflection without any solar features. Based on these two

regions, we find that the ghost is 8.2 times dimmer than the corresponding

“This section is developed by Nived V.N. of IUCAA, Pune, India.
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Filter % Scatter at 1 % Scatter at 2 % Scatter at 3 % Scatter at 4
Before After Before After Before After Before After

NBO1  10.96 0.55 10.42 0.46 6.22 0.20 6.27 0.39
NBO02 5.33 0.57 4.95 0.22 4.01 0.15 4.66 0.35
NB0O3  19.15 1.36 17.83 1.17 12.68 0.59 14.00 0.99
NB04  14.31 0.59 14.12 0.92 10.13 0.37 11.34 0.74
NB05 5.55 0.29 5.54 0.27 4.25 0.24 5.30 0.65
NB06 5.98 0.26 5.39 0.24 3.96 0.029 3.47 0.18
NBO7 5.07 0.26 4.50 0.16 2.71 0.27 3.28 1.33
NBO8  27.87 3.82 32.38 7.09 34.46 14.66 26.40 6.23
BB01 6.30 0.49 6.10 0.46 4.13 0.28 6.57 1.12
BB02 8.39 0.12 8.12 0.18 11.59 0.31 9.45 0.26
BB03 6.60 0.21 5.85 0.21 3.53 0.12 6.03 3.07

Table 5.1:: Comparison of scatter level (in %) with respect to the mean sun cen-
ter intensity before and after the scatter subtraction for VELC aligned position.
The location chosen for scatter measurement is shown in panel (b) of Figure 5.10.

Uncorrected NBO8 image Scatter corrected Scatter and Ghost corrected
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Figure 5.11: Scatter and Ghost correction applied on SUIT NBO8 image. The
left panel shows an uncorrected NB08 image from May 17, 2024. The middle
panel shows the same image after removing the contribution from scattered light.
The right panel shows the same image after removing scattered light and ghost re-
flections.
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signal. Then, we remove the ghost next to the ghost-free region of the solar
disk using the assumption that the overlying part of the ghost is also 8.2 times
dimmer than the ghost-free signal next to it. This iteration is repeated until the
ghost is completely eliminated from the solar disk. The cumulative intensity
of scattered light and ghost reflection for NBOS8 filter images is ~ 28%. This is
reduced to 1.67% after applying scatter correction (5.3.4) and ghost correction
as illustrated in Figure 5.11.

5.4 Summary and conclusions

In this chapter, we have discussed various on-ground and on-board tests per-
formed on SUIT. The results obtained are shown in Table 5.2. In the table,
we compare the results obtained from the ground and onboard tests with those
specified in the design. We find that all the test results are compliant, except
for the spatial resolution and the unfortunate misalignment between SUIT and
VELC. Due to the difference in the specified and measured PSF, the photom-
etry at a scale of 1.4”will not be possible. Instead, it will only be possible
at a scale of 2.2”. The misalignment between the VELC and SUIT leads to
an unfortunate scenario that will impact the science related to solar spectral
irradiance. Given the test results, it is demonstrated that SUIT opens up a

new window for solar observations.
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