






 
 

 
 

neighbors were above the Gaussian mean plus 10 times the Gaussian standard deviation in the frame. We only reported 
results if the total charge collected in the event was greater than 105 electrons, and the size of the snowball was larger 
than 9 pixels. To count an event as a snowball we considered only those that are circular in shape, and not the ones that 
appear elongated, as in cosmic rays impacts. 
 
For all cases, after applying this algorithm to the data, we performed a visual check to verify the presence of a snowball 
event. 
 
We computed for each snowball its localization, number of pixels affected, total charge, and the time when the snowball 
appeared. We also recorded if the snowball repeated at the same spatial localization. For the case of the events that 
repeated in the same position, we looked at the flat field to see if these events corresponded to any visible feature in the 
detector.  
 
In the case of Euclid detectors, we also took into account if the central pixels in the snowballs were correlated to bad 
pixels in the operational mask (pixels that do not fulfill the requirements to pass spectroscopy noise, photometry noise, 
quantum efficiency, and/or linearity).  
 
For the Euclid detectors of Flight Run 3, we also searched for cosmic rays traces and compared them with the snowballs 
found in the same detectors. As with snowballs, we performed a visual check for each of the cosmic rays found. The 
algorithm to search for cosmic rays was similar to the one used for our snowball compilation, but instead of looking for 
events of circular shapes we searched for elongated events where one axis was larger than twice the other axis, and as for 
snowballs, we recorded the cosmic ray events with deposited charge larger than 105 electrons.  
 
 

4. RESULTS 
 

4.1 Snowballs in Euclid detectors 

After analyzing 600 hours of dark 2-hour data from Euclid Flight detectors, we found that the rate of occurrence of a 
snowball event is on average 1.34 snowballs per hour. If we remove snowballs that have central pixels that correlate with 
bad pixels in the operational mask (pixels that do not fulfill requirement for spectroscopy noise, photometry noise, 
linearity, and/or quantum efficiency) that value drops to 0.92 snowballs per hour.  
 
Considering the size of the Euclid detectors (approximately 13.6 square centimeters), the rate of occurrence of a 
snowball event is 0.1 snowballs per hour per cm2 for all events, and 0.07 snowballs per hour per cm2 for events where 
the central pixels could not be associated with bad pixels in the operational mask. 
 
As an example, Figure 1 shows the larger snowball that appeared in the detector SCS 18279_011-3_0020F038 during 
Flight Run 6.  
 
 
 
 
 
 



 
 

 
 

 
 

Figure 1. Snowball in Euclid detector SCS 18279_011-3_0020F038 (81 pixels affected, charged deposited ~3x106 e-). 

 
 
Table 1 outlines our results for each detector. We found that on some occasions a snowball event repeats in the same 
location. A snowball that repeats is more likely to occur in pixels that are associated with bad pixels in the operational 
mask, as seen by comparing the last two columns of Table 1. For the snowballs reported in Table 1, we could not find 
any visible features in the flat fields of the detectors at the snowball positions.  
 
We could not find any correlation in the elapsed time between two snowballs that appear at the same position, and we 
noticed that on some occasions, there are repetitions but with less deposited charge than 105 electrons.  
 
Table 2 presents the average rate and standard deviation for each Flight Run, for snowballs that do not correlate with bad 
pixels in the operational mask. Notice that for Flight Run 2, we analyzed fewer detectors for fewer hours, so the 
discrepancy between this Flight Run and the others is larger, due to lack of enough statistics.  
 
Figure 2 shows the position of snowball events for Euclid detectors in Flight Run 3, where we have more accumulated 
data. Blue dots correspond to the positions of snowballs that do not have central pixels associated with bad pixels in the 
operational mask, while orange dots correspond to snowballs with central pixels associated with bad pixels in the 
operational mask. The distribution of snowballs in these detectors is spatially homogeneous. 



 
 

 
 

Number Number of snowballs/hr Number of repeated Number of repeated
total of snowballs/hr snowballs without bad without bad snowballs with bad snowballs without bad
hours snowballs pixels in op. mask pixels in op. mask pixels in op. mask pixels in op. mask

FR1 18249_001-4_0008F015 8 20 2.50 9 1.13 8 4
FR1 18278_001-5_0010F014 8 8 1.00 3 0.38 0 0
FR1 18284_008-1_0012F016 8 29 3.63 7 0.88 23 0
FR1 18268_004-5_0014F017 8 5 0.63 4 0.50 0 0
FR2 18278_001-5_0013F043 8 10 1.25 7 0.88 3 0
FR2 18458_010-3_0015F019 8 37 4.63 19 2.38 17 2
FR3 18453_002-4_0019F037 60 113 1.88 77 1.28 29 18
FR3 18632_008-5_0020F038 60 52 0.87 52 0.87 0 0
FR3 18452_005-4_0021F042 60 43 0.72 41 0.68 2 0
FR3 18269_007-2_0023F048 60 52 0.87 51 0.85 0 0
FR4 18280_011-4_0019F037 40 45 1.13 45 1.13 0 1
FR4 18282_008-3_0020F038 40 56 1.40 50 1.25 3 10
FR4 18548_011-2_0021F042 40 45 1.13 38 0.95 6 9
FR4 18285_006-4_0023F048 40 25 0.63 25 0.63 0 0
FR5 18221_003-5_0019F037 20 16 0.80 16 0.80 0 0
FR5 18272_004-2_0020F038 20 15 0.75 15 0.75 0 0
FR5 18267_012-4_0021F042 20 12 0.60 11 0.55 0 0
FR5 18223_012-5_0023F048 20 22 1.10 22 1.10 0 2
FR6 18628_005-2_0019F037 24 16 0.67 13 0.54 2 0
FR6 18279_011-3_0020F038 24 21 0.88 21 0.88 0 2
FR6 18250_012-4_0023F048 24 26 1.08 23 0.96 3 6

600 668 1.34 549 0.92 96 54

FR detectors

Total  
 

Table 1. Snowballs in Euclid Detectors. Columns are: Total hours analyzed, total number of snowballs, snowballs per hour,  
total number of snowballs without central pixels associated with bad pixels in the operational mask, rate of snowballs 
without central pixels associated with bad pixels per hour, number of repeated snowballs with central pixels that correlate 
with bad pixels in the operational mask, number of repeated snowballs without central pixels that correlate with bad pixels 
in the operational mask. 

 

FR1 0.72 0.34
FR2 1.63 1.06
FR3 0.92 0.26
FR4 0.99 0.27
FR5 0.80 0.23
FR6 0.79 0.22

snowballs/hourFR standard dev.

 
  

Table 2. Average rate of snowballs per hour and standard deviation for each Euclid Flight Run for snowballs that do not 
correlate with bad pixels in the operational mask. 

 
 



 
 

 
 

 
 

Figure 2. Spatial distribution of snowballs in detectors from Flight Run 3. Accumulation time: 60 hours. 

 
The number of pixels affected in a snowball event (for charge deposited larger than 105 electrons) was on average 25 
pixels. The maximum number of pixels affected, 126 pixels, occurred in detector SCS18632_008-5_0020F038 during 
Flight Run 3. The total charge deposited in a snowball event had a median of ~6x105 electrons with an average 
maximum between all Euclid detectors of about 3x106 electrons. Table 3 summarizes the results for each detector, with 
the total number of hours analyzed, mean, median, standard deviation, maximum of pixels affected, and charge 
deposited. Note that the numbers for the charge deposited in a snowball event reported here are lower limits. The central 
pixels in the snowballs could be saturated; they do not collect more charge after saturation.  
 
 
 
 



 
 

 
 

total
hours mean median stddev max mean median stddev max 

FR1 18249_001-4_0008F015 8 30.4 26 9.7 49 8.60E+05 7.43E+05 2.88E+05 1.57E+06
FR1 18278_001-5_0010F014 8 24.5 25 5.6 32 6.86E+05 6.78E+05 2.33E+05 1.11E+06
FR1 18284_008-1_0012F016 8 27.3 29 7.7 44 7.77E+05 7.31E+05 2.55E+05 1.15E+06
FR1 18268_004-5_0014F017 8 21 20 7.2 28 6.09E+05 5.96E+05 2.68E+05 8.77E+05

FR2 18278_001-5_0013F043 8 31.6 28 9.9 45 6.57E+05 6.24E+05 2.36E+05 1.09E+06
FR2 18458_010-3_0015F019 8 25.4 26 10.8 46 7.60E+05 7.04E+05 3.82E+05 1.39E+06

FR3 18453_002-4_0019F037 60 44.6 36.5 21.2 99 7.87E+05 6.86E+05 3.14E+05 1.70E+06
FR3 18632_008-5_0020F038 60 38.7 33 20.2 126 7.15E+05 6.44E+05 2.70E+05 1.65E+06
FR3 18452_005-4_0021F042 60 41.5 35 21.7 123 7.28E+05 6.34E+05 3.44E+05 1.87E+06
FR3 18269_007-2_0023F048 60 33.7 30.5 14.4 77 6.23E+05 5.79E+05 2.36E+05 1.20E+06

FR4 18280_011-4_0019F037 40 24.1 22 8.5 48 7.00E+05 6.38E+05 3.50E+05 1.72E+06
FR4 18282_008-3_0020F038 40 24.7 22 9.2 53 7.75E+05 6.80E+05 3.24E+05 1.79E+06
FR4 18548_011-2_0021F042 40 22.73 20 6.9 38 7.05E+05 5.90E+05 2.76E+05 1.27E+06
FR4 18285_006-4_0023F048 40 21.48 21 4.7 34 6.67E+05 6.19E+05 2.16E+05 1.17E+06

FR5 18221_003-5_0019F037 20 24.4 21 10.2 55 7.17E+05 6.41E+05 3.07E+05 1.50E+06
FR5 18272_004-2_0020F038 20 20.3 19 6 37 5.90E+05 4.92E+05 2.45E+05 1.21E+06
FR5 18267_012-4_0021F042 20 20.7 21 6.3 30 6.45E+05 6.30E+05 2.21E+05 9.73E+05
FR5 18223_012-5_0023F048 20 24.8 21.5 13.3 70 7.25E+05 6.71E+05 4.13E+05 2.19E+06

FR6 18628_005-2_0019F037 24 22.2 19.5 8.4 45 6.60E+05 5.70E+05 2.57E+05 1.25E+06
FR6 18279_011-3_0020F038 24 24.7 20 14.3 81 8.08E+05 6.23E+05 6.14E+05 3.14E+06
FR6 18250_012-4_0023F048 24 23 20 9.9 51 6.98E+05 5.68E+05 3.65E+05 1.71E+06

600 27.23 24.57 10.77 57.67 7.09E+05 6.35E+05 3.05E+05 1.50E+06Total: 

FR detectors
pixels affected charged deposited [e-]

 
 

Table 3. Mean, Median, Standard Deviation, Maximum Number of pixels affected, and charge collected in a snowball event 
for each Euclid detector. Pixel pitch: 18 µm. 

 
To compare between snowball events and cosmic ray hits, we looked for cosmic ray events during Flight Run 3 using 
the same data set used in our snowball search. For a charge deposited larger than 105 electrons, Table 4 shows the 
number of snowballs and the number of cosmic rays found in each detector during 60 hours of data, while Table 5 
compares the pixels affected. For the range of deposited charge we analyzed, cosmic rays hit the detector only 30% as 
often as snowballs events. In Figure 3 we plotted the deposited charge versus the number of pixels for each detector for 
snowball events and cosmic rays. From the mentioned figure (with the exception of a few cosmic ray events), the 
snowballs and the cosmic ray traces look like they come from different populations: snowballs need fewer pixels to 
collect the same amount of charge. As an example of a cosmic ray event, Figure 4 shows a huge cosmic ray that hit 
detector SCS 18269_007-2_0023F048 during Flight Run 3, with more than 300 pixels affected. 
 
 

FR3 Total Number of Number of snowballs Total Number of 
detectors snowballs without bad px in the mask cosmic rays

18453_002-4_0019F037 113 77 11
18632_008-5_0020F038 52 52 12
18452_005-4_0021F042 43 41 20
18269_007-2_0023F048 52 51 24  

 

Table 4. Total number of snowballs and cosmic ray events (with deposited charge larger than 105 electrons) found during 
Flight Run 3. 



 
 

 
 

 
 

Figure 7. Snowball in WFIRST PV3 detector 18237 (83 pixels, charge deposited 5.7e5 e-). 

 

 
 

Table 6. Snowballs in PV3 Full Array Lot detectors: Total hours analyzed, total number of snowballs, snowballs per hour, 
number of non-repeated snowballs, non-repeated snowballs per hour. 

 

As for Euclid detectors, we recorded the number of pixels affected and the charge deposited. Table 7 shows the results 
for each detector, with an average of about 42 pixels and a maximum of 112 pixels affected in detector 18438. 

 

 

 

 



total
hours mean median stddev max mean median stddev max 

18237 26 59.5 59.5 33.2 83 4.08E+05 4.08E+05 2.34E+04 5.74E+05
18238 14 48.3 33.0 28.6 100 2.86E+05 2.09E+05 1.27E+05 4.92E+05
18239 8 34.7 35.0 8.5 43 1.76E+05 1.97E+05 5.84E+04 2.21E+05
18240 14 34.0 32.0 14.1 49 2.34E+05 2.49E+05 1.01E+05 3.28E+05
18241 28 37.5 33.0 15.4 85 2.00E+05 1.83E+05 6.24E+04 3.96E+05
18242 8 38.0 39.0 16.5 54 2.45E+05 2.37E+05 1.04E+05 3.54E+05
18243 14 37.2 33.0 15.1 88 2.20E+05 2.05E+05 8.51E+04 4.82E+05
18244 22 61.0 60.0 24.1 102 3.50E+05 3.58E+05 1.27E+05 5.55E+05
18438 40 39.6 32.0 21.4 112 2.15E+05 2.14E+05 6.50E+04 3.16E+05
18440 40 36.1 32.5 13.1 66 1.89E+05 1.69E+05 6.68E+04 3.27E+05
18443 40 34.8 35.0 8.5 51 2.01E+05 1.95E+05 6.44E+04 3.01E+05
Total 254 41.9 38.5 18.0 76 2.48E+05 2.39E+05 8.04E+04 3.95E+05

detectors
pixels affected charged deposited [e-]



 
 

 
 

snowballs that repeat, but there were no evident features in the flat fields. Finally in detector 18443, there are 2 
snowballs that repeated with nothing evident in the flat field.  

For the PV2A detector (18138) we searched for snowballs in the six occasions this detector was tested between August 
2016 and May 2017 in the HyC Dewar at the DCL. The snowball rate in this detector was low (0.28 snowballs per hour) 
and we could not see a decrease or increase in the snowball appearance during the time that was tested. Table 8 
summarizes the results of the different runs where the detector was evaluated. Three snowballs repeated in this detector. 
Two snowballs repeated twice and one snowballs repeated three times. These repetitions occurred during the same run:  
two of them during the same exposure, and one of them in two consecutive exposures.  

  

 
 

Table 8. Snowballs in PV2A detector 18138: Total hours analyzed, total number of snowballs, snowballs per hour, number 
of repeated snowballs (with number of repetitions for each case). 

 

5. DISCUSSION 
 

In this work, we searched for snowballs in Euclid and WFIRST detectors. After analyzing 600 hours of dark data from 
Euclid Flight Detectors, we found that the rate of occurrence of a snowball event (for a deposited charge larger than 105 
electrons) is on average 1.34 snowballs per hour. If we do not consider the snowballs that have central pixels associated 
with bad pixels in the operational mask, the value drops to 0.92 snowballs per hour. For the size of the Euclid detectors, 
these values correspond to a rate of 0.1 snowballs per hour per cm2 for all events, and 0.07 snowballs per hour per cm2 
for events where the central pixels are not associated with bad pixels in the operational mask. 
 
For WFIRST detectors we looked into 254 hours of dark data from the PV3 Full Array Lot and 94 hours of data from 
PV2A detector 18138. On average between all PV3 Full Arrays Lot detectors, we found a rate of 0.70 snowballs per 
hour, or 0.04 snowballs per hour per cm2, but we saw a significant variation between detectors. We found some 
snowballs that repeat at the same spatial location. Without taking into account the snowballs that repeat, the rate of 
occurrence of a snowball event in WFIRST detectors dropped to 0.43 snowballs per hour or 0.03 snowballs per hour per 
cm2.  
 
NIRCam detectors are comparable in size with Euclid detectors, and WFC3 detectors are 1/4 of the previous detectors in 
size. That implies that we have found, on average per area, about twice as many snowballs in Euclid detectors compared 
to NIRCam4 detectors, and about one half as many as found in WFC31 detectors. For WFIRST detectors (about 20% 
larger in size than Euclid detectors), the snowball rate per area was very similar to that found in NIRCam detectors4. 
  
For Euclid we collected 10 frames in each 2-hour dark data file, while for WFIRST we collected 101 frames. 
Interestedly, the rate in WFIRST detectors is lower than in Euclid detectors. The sampling time or number of frames 
collected for the same total exposure time does not appear to be correlated to an increase or decrease in the number of 
snowballs in a detector.  

total total snowballs/hr
hours snowballs hours

Aug-2016 18 6 0.33 0
Sep-2016 26 6 0.23 0
Oct-2016 10 3 0.30 0
Nov-2016 12 2 0.17 0
Apr-2017 18 12 0.67 3(2, 2,3)

May-2017 10 0 0.00 0
total 94 29 0.28 3

date repetitions
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