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Aurora effect on JEM-EUSO operational efficiency

  

To estimate auroras effect we evaluate for  
every position of ISS additional parameters 

- Kp index to describe geomagnetic activity      
- geomagnetic latitude and longitude of ISS

The K-index quantifies disturbances in the horizontal component of 
earth's magnetic field with an integer in the range 0-9 with 1 being calm 
and 5 or more indicating a geomagnetic storm. The official planetary Kp 
index is derived by calculating a weighted average of K-indices from a 
network of geomagnetic observatories.

Following a Table from NOAA 

- http://www.swpc.noaa.gov/Aurora/index.html

we exclude from duty cycle (observation efficiency) 
moments when Kp index for ISS geomagnetic latitude was 
equal or higher than auroral boundary  
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Aurora effect on JEM-EUSO operational efficiency

Simple verification of method

From few videos taken from ISS with auroras available at [1] we 
were able select one [2] in period 2000-2011 with clear aurora 
visible in nadir mode (directly under ISS). 

Video was taken when ISS flew from Madagascar to Australia 
between 17:22 and 17:45 GMT on 17. september 2011. Part of 
video  shows ISS flight over aurora australis. 

For same time, our method identifies appearance of aurora. 
During the year 2011 method identifies 433 minutes (50 minutes 
in september 2011) with aurora appearance. 

Coincidence between movie appearance of aurora and method 
identification of aurora in same time is a supporting argument to 
method validity.

References:
1. http://www.nasa.gov/multimedia/videogallery/index.html
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Aurora effect on JEM-EUSO operational efficiency

AdvSR article Performances and air-shower reconstruction techniques for the JEM-EUSO mission



  

Aurora effect on JEM-EUSO operational efficiency

2000 - 2003
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Aurora effect on JEM-EUSO operational efficiency

2004 - 2007

P. Bobik, JEM-EUSO simulation meeting, Sofia, 2013



  

Aurora effect on JEM-EUSO operational efficiency

2008 - 2011
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● Parts of the ISS trajectory 
excluded from duty cycle for 
year 2003 when the 
magnetopshere was most 
disturbed and for year 2009 
when situation was most quiet 
during the searched period. 

- for year 2003 we exclude 
12913 minutes

- in 2009 only 608 minutes 

● Different levels of Kp indexes 
are indicated by different colors 
on excluded ISS minute 
positions.

- while for most disturbed year 
(2003) we have 36% of time on 
orbit with Kp at levels 0, 1 or 2, 
for most quiet year 2009 it is 
94%



  

Aurora effect on JEM-EUSO operational efficiency

1 year and 3 years long periods

● The fraction of time in which EAS measurements can not be performed due to the presence of auroral lights ( f
A.L.

) 

from 2000 to 2011 is presented in the left panel of Figure 3. f
A.L.

 varies between 2.46% in year 2003 to 0.12% in 

year 2009.

● Since the effect clearly depends on time, specifically on solar cycle, the influence is estimated also in 3 years 
moving time windows, i.e. periods 2000–2002, 2001–2003, till 2009–2011. We selected 3 years long periods 
because we estimate similarly long measurements of JEM-EUSO on ISS in years 2017–2019. The effect of 
auroras presented in the right panel of Figure 3 is the highest for periods 2002–2004 and 2003–2005 when f

A.L.
 

1.6% and it is lowest in periods 2008–2010 and 2009–2011 when∼  f
A.L.

 0.3%.∼

As was submitted in 1st revision to AdvSR



  

Auroral efect vs. Kp index
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Auroral efect vs. Kp index



  

Till AdvSR submission strategy was simple – if Aurora appears in center 
of FOV we exclude this moment from duty cycle

So we switch off whole detector when we see Aurora in the center.



  

FOV Auroras appearance

● What if Aurora appears at the border of FOV (more conservative 
approach) ?

● Still we switch off the whole detector when Aurora appears in FOV 



  

Auroral efect vs. Kp index



  

- PDM switch off strategy – same as in the city lights analysis
- When Aurora appears in the PDM FOV then PDM is excluded from duty cycle 

Aurora is different from city lights i.e. if appears then will be extended through many 
PDMs, but anyway, part of FOV stays ON – improvement of previous numbers.



  

Aurora effect on JEM-EUSO operational efficiency

Evolution of yearly averaged Kp index 
in last decades since 1932 (upper 
panel) and Solar sunspot number 
(bottom panel).

3 year averages for Kp index and solar 
sunspot number (moving time window 
i.e. periods 1932-1934, 1933-1935, ..., 
2009-2011) 
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Kp index prediction

● based on solar activity, 
specifically on SSN 
prediction

● Sun conveyor belt slowing 
down

http://solarscience.msfc.nasa.gov/predict.shtml
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