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Plan of the presentation
1. Methodology to detect noise events occurring during acquisition
2. Quick overview of events collected on ground and in space
3. Definition and ldentification of Snowballs / Splashes / Tracks
4. Conclusion




Accumulated charge
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MACC acquisition mode and Data Quality

We track noise events occurring during acquisition on the DQ images

Note: Pixels selected with DQ == 1 — non-linear integration, i.e., total flux reported in the
following is a lower limit of the deposited charge.
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—=7% Cosmic Rays And Snowballs Identifier (CRASI)
Events are found in the DQ maps and characterise in the SCIENCE image

!

Flagging the saturated pixels in the DQ

Y

Computing the
signal threshold = 1.05 * median(SCl)

Creating the BINARY image (DQ == 1 and
SCI = signal threshold )

Bad pixels found or size
less than 97

No

!
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Calculating the total number of events in
the selected window (cv2.findContours)

Finding the events in the BINARY image
(cv2 findContours)

1
For each event

Calculating the properties of the original
event from the science image (ADU)

Defining the bounding rectangle of the event
(cv2.boundingRect)

A 4

Saving the catalog

= Event shape properties

Perimeter (cv2.arcLength)

Area (cv2.contourArea)

Ellipticity (cv2.moments, np.linalg.eigvals)

Solidity (cv2.contourArea, cv2.convexHull)

Minor axis size, major axis size, angle (eigenvalues)
Minor axis size, major axis size, angle (cv2 fitEllipse)

= Event flux properties

Total flux
Brightest pixel value
Number of brightest pixels

- Saved values

DATE_OBS

File name

Detector

Signal threshold

Detector coordinates (x, y) of the event centre
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9 Examples of events on the Ground and in Space
Currently we only look at darks, but soon on scientific images

Ground Space
NISP Darks Ground test 2020 NISP Slew Darks: February — July 2024
3359 NISP images — >8px-Events: 34 094 2342x16 NISP images — >8px-Events: 5 160 662

1 7

And many more ....
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Total Signal [ADU] vs Major semi-axis:
Overview of all events detected that contains more than 8 pixels

Major semi-axis > 3 px | N pixels > 50 | solidity = 0.5
N(events) = 114197
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“ Total Signal [ADU] vs Major semi-axis:

Tracks
232%;#{5%221024'05'14T07:16:41'9873892 Major semi-axis > 3 px | N pixels > 50 | solidity = 0.5
DET42: Central px = (498, 1291) Nieventsy 118197 Lo
Window: Bkg = 1076.0 ADU | Counts = 7 events ] '
Event (139 px): 0 bad px 0.9
Contour: Area = 100 px? | Perimeter = 97 px :
Shape: Ellipticity = 1.0 | Solidity = 0.7 107 3
Flux (ADU): Total = 1333943 | Average px = 9596 1 0.8
Core (1 px): 56990 ADU e~
o~ 0.7
Ellipse: b= :
Angle (deg): Eigen = 148 | Fit =148 o 10° 3 0.6
Major semi-axis (px): Eigen = 25 | Fit = 27 = : 2
Minor semi-axis (px): Eigen =1 | Fit=1 é 0.5 -é
3 105 - 0.4 .
. . i
©
= § 0.3
534 0.2
i 0.1
—— ——— — 0.0
10! 102
= Major semi-axis (pixel)




¢€ ]'d Euclid preliminary
T Total Signal [ADU] vs Major semi-axis:
Snowballs and splashes

Date (UTC): 2024-05-16T00:12:38.244088Z Major semi-axis > 3 px | N pixels > 50 | solidity = 0.5
CRASI#19452 N(events) = 114197
DET31: Central px = (1554, 150) u- ] 1.0
Window: Bkg = 1074.0 ADU | Counts = 6 events 1
Event (104 px): 0 bad px E ) 0.9
Contour: Area = 86 px? | Perimeter = 40 px . , . 33 ’
Shape: Ellipticity = 0.0 | Solidity = 0.9 107 7
Flux (ADU): Total = 1258852 | Average px = 12104 ] 0.8
Core (14 px): 65535 ADU -
<
Ellipse: (2 0.7
Angle (deg): Eigen = 27 | Fit =130 — £
Major semi-axis (px): Eigen =5 | Fit=5 o 10° 5 0.6
Minor semi-axis (px): Eigen =5 | Fit =5 = >
o) 'C
(a) 0.5 5
< 2
Date (UTC): 2024-05-16T02:39:41.259138Z > (]
CRASI#19472 2 105 1 0.4
DET14: Central px = (1883, 1572) lexs
Window: Bkg = 1080.0 ADU | Counts = 10 events 8 0.3
Event (562 px): 0 bad px =] ’
Contour: Area = 518 px2? | Perimeter = 107 px
Shape: Ellipticity = 0.0 | Solidity = 0.9 0.2
Flux (ADU): Total = 3264043 | Average px = 5807 10%g:  Ee :
Core (39 px): 65535 ADU ] ; ; 0.1
Ellipse: ’
Angle (deg_): E_igen = 1?1 | Fit =100_ e — . — ey - . 0.0
Major semi-axis (px): Eigen = 13 | Fit = 13 101! 102
Minor semi-axis (px): Eigen = 13 | Fit = 13
Major semi-axis (pixel)
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Total Signal [ADU] vs Major semi-axis:
Persistence from stars (and from large bright circular noise events)

Date (UTC): 2024-05-16T00:12:38.244088Z Major semi-axis > 3 px | N pixels > 50 | solidity = 0.5
CRASI#19446 N(events) = 114197
DET13: Central px = (1920, 550) ] 1.0
Window: Bkg = 1079.0 ADU | Counts = 52 events I :
Event (239 px): 0 bad px 1 . + & 0.9
Contour: Area = 173 px? | Perimeter = 161 px 107 4 e
Shape: Ellipticity = 0.1 | Solidity = 0.5 0.8
Flux (ADU): Total = 109733 | Average px = 459 -
Core (1 px): 2474 ADU ~ 0.7
o
Ellipse: E 106 4 0.6
Angle (deg): Eigen = 89 | Fit =107 = >
Major semi-axis (px): Eigen = 8 | Fit = 11 8 0.5 'S
Minor semi-axis (px): Eigen =7 | Fit =9 < k=
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Snowball persistence (over one dither):
What happens on the scientific images?

SLEW DARK#1

Events spotted here

SPECTRO
PHOTO
PHOTO
PHOTO

I#43H11a

DITHER#2

DITHER#4

Omin

A b b TR

SLEW DARK#2
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=<'9 Snowball persistence (over one dither):
What happens on the scientific images?
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Total Signal [ADU] vs Major semi-axis:

Snowballs and splashes

Euclid preliminary

10*

u Tracks
. On the Ground Snowballs

102 10t
Length major axis [pixel]

102

Criteria snowballs (& splashes):

3 px < Major axis < 8 px
Ellipticity < 0.2

Solidity > 0.7

Saturated core

Criteria tracks:

Major axis > 4 px
Ellipticity > 0.8
Solidity > 0.5

Note: We don't differentiate Snowballs from Splashes yet ...
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Separating Snowball from Splashes using DQ maps

Significance = (IN_center(DQ==1)| - Exp_centerl) /V('Exp_center|+ 1)

R=1.29 Sign=3.16 R=2.98 Sign=16.20
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Separating Snowball from Splashes

Median snowball size: 3.8 px
Median splash size: 4.5 px

- SpIaSheS are blgger ° HH?FW:H;;lia:;wes: 8536|6.92e—01 h~1 cm~2 _.
than Snowballs in e Snowballs: 6903 | 5.60e-01 h~! cm™? |

average

- Splashes and
Snowballs have
similar signal
distribution on the
NISP detector

V G0+9G'/ :|eubis yse|ds ueipajy |
NAav G0+af'9 :|eubis ||legmous uelpaly

Total signal [ADU]
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Length major axis [pixel] Count i ) , .
Euclid collaboration: Shirmer et al. (in prep)
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Euclid NISP Snowballs and Splashes rate versus GOES S1 data

The algorithm to separate Snowballs from Splashes currently fails during solar flares

- Proton flux GOES — 10-17MeV —— 85-14.6 MeV 80.0-115.4 MeV
2 —— 17-29MeV — 146-250MeV —— 115.4-166.5 MeV
< — 2950MeV —— 250447 MeV —— 166.5-240.2 MeV
- — 5085MeV —— 44.7-80.0 MeV
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Summing up the statistics on Snowballs & Splashes

e Measured snowball rates:
o Ground = 0.03 /cm?/hr
o Space = 5.6 /lcm?hr

e Measured splash rate in space: 6.9 /cm?/hr.

= ~200x higher in space

Note: Currently our rate is hardly comparable to JWST statistics, a consistent analysis
should be performed
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Next steps and Conclusion

e Apply CRASI to SCIENCE images
e Compare to other methods
o To classification with Gaussian Mixture Model (GMM) clustering (ask Marija about it)
o To see astroscrappy analysis (Go check the poster by Evandro Balbi!)
e Study of Snowballs & Splashes persistence & compare to official Euclid model (S. Conseil)
e Consolidating JWST and Euclid statistic for long term monitoring ?

Euclid NISP grism

o Euclid VIS + NISP grism
Ha emission line map

VIS + Emission Overlay

Euclid VIS Euclid NISP Y filter

10"01™57.8°

Euclid Collaboration: Gabarra et al. (in prep 2026)


https://euclid.roe.ac.uk/attachments/169550
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Tracks

Date (UTC): 2024-05-14T07:16:41.987389Z
CRASI#19421

DET42: Central px = (498, 1291)

Window: Bkg = 1076.0 ADU | Counts = 7 events
Event (139 px): 0 bad px

Contour: Area = 100 px? | Perimeter = 97 px
Shape: Ellipticity = 1.0 | Solidity = 0.7

Flux (ADU): Total = 1333943 | Average px = 9596
Core (1 px): 56990 ADU

Ellipse:
Angle (deg): Eigen = 148 | Fit =148

Star Persistence

Date (UTC): 2024-05-16T00:12:38.244088Z
CRASI#19446

DET13: Central px = (1920, 550)

Window: Bkg = 1079.0 ADU | Counts = 52 events
Event (239 px): 0 bad px

Contour: Area = 173 px? | Perimeter = 161 px
Shape: Ellipticity = 0.1 | Solidity = 0.5

Flux (ADU): Total = 109733 | Average px = 459
Core (1 px): 2474 ADU

Ellipse:
Angle (deg): Eigen = 89 | Fit =107

Snowball

Date (UTC): 2024-05-16T00:12:38.244088Z
CRASI#19452

DET31: Central px = (1554, 150)

Window: Bkg = 1074.0 ADU | Counts = 6 events
Event (104 px): 0 bad px

Contour: Area = 86 px? | Perimeter = 40 px
Shape: Ellipticity = 0.0 | Solidity = 0.9

Flux (ADU): Total = 1258852 | Average px = 12104
Core (14 px): 65535 ADU

Ellipse:
Angle (deg): Eigen = 27 | Fit =130

Noisy Snowball

Date (UTC): 2024-05-16T02:39:41.259138Z
CRASI#19472

DET14: Central px = (1883, 1572)

Window: Bkg = 1080.0 ADU | Counts = 10 events
Event (562 px): 0 bad px

Contour: Area = 518 px? | Perimeter = 107 px
Shape: Ellipticity = 0.0 | Solidity = 0.9

Flux (ADU): Total = 3264043 | Average px = 5807
Core (39 px): 65535 ADU

Ellipse:

Angle (deg): Eigen = 121 | Fit =100

Major semi-axis (px): Eigen = 13 | Fit = 13
Minor semi-axis (px): Eigen = 13 | Fit = 13

Major semi-axis (px): Eigen = 25 | Fit = 27 Major semi-axis (px): Eigen = 8 | Fit = 11 Major semi-axis (px): Eigen =5 | Fit =5
Minor semi-axis (px): Eigen =1 | Fit=1 Minor semi-axis (px): Eigen =7 | Fit=9 Minor semi-axis (px): Eigen =5 | Fit =5
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= NISP SLEW DARKS: February — July 2024

Around 2000 NISP images — Events: 5160662
Catalogue available on upon request

Tracks Star Persistence Snowball Noisy Snowball
Date (UTC): 2024-05-14T07:16:41.987389Z Ssloiry O e
CRASI#19421 Counts = G events  Window: B3 ~ 1080.0 ADU | Courts = 10 events
DETA2: Central px = (498, 1291) e Sl AT
Window: Bkg = 1076.0 ADU | Counts = 7 events """ coretop ooy
Event (139 px): 0 bad px i e
Contour: Area = 100 px? | Perimeter = 97 px 1= Mirer sombers - Bgen = 131 it = 1
Shape: Ellipticity = 1.0 | Solidity = 0.7 "
Flux (ADU): Total = 1333943 | Average px = 9596 -
Core (1 px): 56990 ADU
Ellipse: -
Angle (deg): Eigen = 148 | Fit =148 o
Major semi-axis (px): Eigen = 25 | Fit = 27 - 0

Minor semi-axis (px): Eigen=1|Fit=1
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Example of rejected. ONLY SEEN IN SPACE SNOWBALL
WITH SIZE >10

Applying shift: dx=0, dy=0

ell=0.13 maj=8.4 sol=0.89 Splash_minus_median=-6.00 SNR=-1.01 Splash=27
Applying shift: dx=0, dy=0

ell=0.14 maj=9.9 sol=0.85 Splash_minus_median=-7.{ g||=0.11 maj=11.6 sol=0.88 Spl




“Varameter space investigation: Total Flux vs Major S&miiaxis

FULL CATALOGUE

Full Catalogue | N pixels > 8
N(events) = 5160662
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SUB-CATALOGUE#1

Major semi-axis > 3 px | N pixels > 20 | solidity = 0.9

N(events) = 160867
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Biggest snowballs and splashes (outliers). Although very
interesting they are removed from the sample. ONLY
SEEN IN SPACE



