
 
 

Impacts	  in	  Jupiter:	  Flashes	  &	  Fireballs	  	  
Tools	  &	  Science	  

Development team:  

R. Hueso1, M. Delcroix2, A. Sánchez-Lavega1,  

J.C. Moreno3 & Jon Juaristi4 

1 UPV/EHU, Bilbao (Spain) 
 

2 Amateur astronomers from SAAF 
3 Spanish amateur astronomer 
4 Hired at UPV/EHU for this project 

Observers:  

Overall community of amateur astronomers. 

Some of them are very involved in this subject: 

A. Wesley, C.Go, M. Delcroix,  



Shoemaker-‐Levy	  9	  	  July	  1994	  
	  
At	  the	  6me	  it	  was	  considered	  as	  
a	  “once	  in	  a	  life6me	  event”	  
	  
Jupiter	  Family	  Comet	  fragmented	  
by	  gravita6onal	  6des	  

Large	  impacts	  in	  Jupiter	  



Large	  impacts	  in	  Jupiter	  

July	  2009	  Impact	  

Discovered	  by	  Anthony	  Wesley	  
(australian	  amateur	  astronomer)	  
hours	  a=er	  the	  impact.	  
	  

Described	  in:	  
Sánchez-‐Lavega	  et	  al.	  ApJL,	  (2010)	  
Hammel	  et	  al.	  ApJL	  (2010)	  
	  
à Impact	  produced	  by	  a	  0.5	  km	  	  
	  	  	  	  	  object	  
	  	  	  	  	  Observed	  only	  a	  few	  hours	  aJer	  	  
	  	  	  	  the	  impact	  on	  the	  night-‐side	  of	  	  
	  	  	  	  the	  planet	  
	  
	  
Debated	  asteroidal	  nature	  
Orton	  et	  al.	  Icarus	  (2011)	  

Discovery images by A. Wesley Quick Follow-up by HST 



Small	  impacts	  in	  Jupiter:	  Flashes	  from	  superbolides	  (>10	  m)	  

June	  3	  2010	  Impact	  
Discovered	  by	  the	  same	  amateur	  (Anthony	  Wesley	  in	  New	  South	  Wales,	  Australia)	  

Data	  obtained	  during	  a	  normal	  Jupiter	  observing	  session	  on	  June	  3,	  2010	  at	  20:31:20	  UT	  



Small	  impacts	  in	  Jupiter:	  Flashes	  from	  superbolides	  (>10	  m)	  

June	  3	  2010	  Impact	  
Discovered	  by	  the	  same	  amateur	  (Anthony	  Wesley	  in	  New	  South	  Wales,	  Australia)	  

Data	  obtained	  during	  a	  normal	  Jupiter	  observing	  session	  on	  June	  3,	  2010	  at	  20:31:20	  UT	  

Brightest	  frame:	  	  
	  
Flash	  ~	  1/6000	  Jupiter	  brightness	  
Equivalent	  to	  a	  +6.5	  star	  
	  
Iden6fied	  by	  the	  observer	  
(very	  experienced)	  
	  



Small	  impacts	  in	  Jupiter:	  Flashes	  from	  superbolides	  (>10	  m)	  

June	  3	  2010	  Impact	  
Confirmed	  by	  Christopher	  Go	  (simultaneous	  observa6ons	  from	  Phillipines)	  

RED Wavelength BLUE Wavelength 



 
 

A.	  Wesley	  	  Equipment:	  	  	  
15’’	  telescope	  (37	  cm)	  
Point	  Grey	  Flea3	  camera,	  	  
ICX618AQA	  chip	  
Red	  filter	  from	  Astrodon	  	  
60	  fps	  

C.	  Go	  Equipment:	  	  	  
11’’	  Celestron	  (28	  cm)	  
Point	  Grey	  Flea3	  camera,	  	  
ICX618AQA	  chip	  
Blue	  filter	  from	  Edmund	  ScienTfic.	  	  
55	  fps	  

A.	  Wesley	  image	  composite	  with	  added	  fireball	  

Hueso	  et	  al.	  ApJL	  (2010):	  	  
8-‐13	  m	  impact	  

Small	  impacts	  in	  Jupiter:	  Flashes	  from	  superbolides	  (>10	  m)	  



Masayuki	  Tachikawa,	  6’’	  telescope	  
Kumamoto	  City	  (Japan)	  
Phillips	  Toucam	  (RGB	  webcam)	  

Kazuo	  Aoki,	  9.25’’	  telescope	  
Tokyo	  
Phillips	  Toucam	  (RGB	  webcam)	  

Masayuki	  Ichimaru,	  6’’	  telescope	  
Toyama	  (Japan)	  
Phillips	  Toucam	  (RGB	  webcam)	  

September 10, 2013 
11:35:30 UT 
 

Dan	  Petersen,	  12’’	  telescope	  
(Racine,	  Wisconsin)	  
visual	  observa6on	  
Es6ma6on	  of	  magnitude	  +6.0	  

George	  Hall,	  12’’	  telescope	  
(Dallas,	  Texas)	  
Point	  Grey	  Flea3	  camera	  
ICX618AQA	  chip	  
Red	  filter	  (Astronomik	  Type	  2c	  )	  
	  15	  fps	  

Small	  impacts	  in	  Jupiter:	  Flashes	  from	  superbolides	  (>10	  m)	  

Further fireballs 



Statistical	  significance	  

7800	  Jupiter	  images	  in	  the	  InternaTonal	  
Outer	  Planets	  Watch	  PVOL	  database	  for	  
2010-‐2013	  equivalent	  to	  5-‐20%	  of	  this	  
period.	  
	  
Most	  of	  the	  observaTons	  are	  redundant	  
(obtained	  at	  the	  same	  Tme)	  
ESSENTIAL	  for	  this	  science	  

10-‐20%	  of	  observaIon	  efficiency	  is	  
expected	  from	  the	  global	  distribuIon	  of	  
frequent	  Jupiter	  observers	  
	  
(6-‐12	  hours	  every	  day	  over	  6	  months	  assuming	  
good	  weather	  somewhere	  in	  the	  three	  big	  
areas)	  
	  
270	  collaborators	  in	  2010-‐2013	  
	  
1/3	  impacts	  discovered	  by	  “regular	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  observers”	  

Geographical distribution of observers 



144.0 15.0 10Energy J≈ − ×
100 350 ktn−

200 900 Mass Tn≈ −

5.5 10.0 D m≈ −
8.7 16 D m≈ −

June 3, 2010 

 (diameter)Size

1412.0 32.0 10Energy J≈ − ×

320 750 ktn−

860 1500 Mass Tn≈ −

9.0 12 D m≈ −
14 19 D m≈ −

September 10, 2012 

 (diameter)Size

145.2 12.0 10Energy J≈ − ×
120 300 ktn−

300 700 Mass Tn≈ −

6.5 9.0 D m≈ −
10 14 D m≈ −

August 20, 2010 

 (diameter)Size

Results 

Energy range: 100-750 ktn surrounding Chebyalinsk-like events [450 ktn] and 5-50 times less than Tunguska (3000-5000 ktn). 

Objects	  properties	  

Published	  guess:	  12-‐45	  impacts	  of	  these	  sizes	  per	  year	  
Similar	  to	  some	  dynamical	  inferences	  30-‐100	  per	  year	  

Hueso et al. A&A, 2013 

Unknown	  hability	  of	  amateurs	  to	  
“recognize”	  an	  impact	  in	  their	  video	  

observaIons.	  DifficulIes	  to	  do	  it	  by	  eye	  at	  
night	  in	  a	  long	  observing	  session	  

Hundreths	  of	  gigabytes	  of	  stored	  data	  by	  
many	  individual	  amateurs	  	  

Ø 	  Smaller	  impacts	  (D~4	  m)	  could	  be	  detected	  with	  40cm	  telescopes	  in	  a	  good	  survey	  	  
	  	  	  	  	  if	  we	  have	  good	  tools	  

Ø 	  Large	  impacts	  	  	  	  (D~10-‐20	  m)	  could	  also	  be	  detectable	  in	  Saturn	  



Masayuki	  Tachikawa,	  6’’	  telescope	  
Kumamoto	  City	  (Japan)	  
Phillips	  Toucam	  (RGB	  webcam)	  

Kazuo	  Aoki,	  9.25’’	  telescope	  
Tokyo	  
Phillips	  Toucam	  (RGB	  webcam)	  

Masayuki	  Ichimaru,	  6’’	  telescope	  
Toyama	  (Japan)	  
Phillips	  Toucam	  (RGB	  webcam)	  

Detecting	  impacts	  in	  non	  ideal	  cases	  

Events last ~2 s in videos that sometimes can be minutes long. 
If telescopes are small and impacts faint they last shorter. 



Currently there are two software packages for analyzing amateur video observations of Jupiter 
Both are based on differential photometry of full images 
A reference image is computed and updated as the video proceeds 

Detecting	  impacts	  tools	  



Detecting	  impacts	  tools	  

1-‐	  UPV/EHU	  software	  developed	  by	  Juan	  Carlos	  Moreno	  (amateur)	  

Available on: http://www.pvol.ehu.es/dtc 
Open Source, multiplattaform, supportinng most video formats and batch mode 
ü  Automatic impact detection and light-curve extraction 
ü  List of candidates easy to review 

Not widely used. A few bugs remain (video codecs).  
Requires interaction with the user.  
Needs further developments 



Detecting	  impacts	  tools	  

2-‐	  Marc	  Delcroix’s	  software	  	  (amateur	  astromer	  &	  professional	  programmer	  in	  Toulouse)	  
	  
Very	  similar	  or	  same	  detection	  algorithm	  
Very	  different	  approach	  à	  Batch	  Mode	  only	  &	  Statistics	  
Much	  more	  used	  than	  the	  JID	  software	  from	  UPV/EHU	  
Interface	  may	  not	  be	  very	  “popular”	  



Detecting	  impacts	  tools	  

2-‐	  Marc	  Delcroix’s	  software	  	  (amateur	  astromer	  &	  professional	  programmer	  in	  Toulouse)	  
	  
	  	  	  	  Well	  documented	  
	  
	  



Detecting	  impacts	  tools	  

2-‐	  Marc	  Delcroix’s	  software	  	  (amateur	  astromer	  &	  professional	  programmer	  in	  Toulouse)	  
	  
Very	  interesting	  results	  from	  ongoing	  analysis	  

Probably	  requires	  some	  external	  
validation	  (how	  does	  seeing	  
affects	  the	  results,	  telescope	  size,	  
filter,	  etc…)	  
	  
The	  last	  years	  have	  had	  Jupiter	  
oppositions	  in	  winter	  (North)	  
	  
We	  really	  need	  to	  find	  more	  
fireballs	  to	  make	  any	  clear	  
conlussion	  



Current	  situation	  

We	  need	  an	  easier	  software	  and	  more	  effort	  to	  reach	  the	  community	  
	  
SOFTWARE	  TO	  BE	  DEVELOPED	  UNDER	  	  PSWS	  
	  
Jon	  Juaristi	  	  	  jon.juaristic@ehu.eus	  
Hired	  under	  EPN2020-‐RI	  from	  February	  2016	  
VESPA/PVOL	  developer	  at	  UPV/EHU	  
Will	  attend	  the	  VESPA	  workshop	  in	  Toulouse	  next	  week	  
Will	  start	  working	  on	  this	  problem	  after	  VESPA/PVOL	  first	  version	  released	  	  
(Summer	  2016)	  
	  
PLAN:	  	  Use	  existing	  codes	  &	  integrates	  these	  efforts.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Probably	  within	  VESPA/PVOL.	  Collaborate	  with	  Marc	  Delcroix.	  

We	  need	  more	  observers	  &	  observations	  
	  
Juno	  arrives	  at	  Jupiter	  4th	  July	  2016	  
Large	  involvement	  of	  amateurs	  in	  supporting	  Juno	  
Pro/Amateur	  workshop	  in	  Nice	  organized	  by	  EPN-‐2020	  RI	  May	  2016	  
http://www.ajax.ehu.es/Juno_amateur_workshop/	  
	  


