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Comet 67P
Period  ~ 6.45 yrs
M = 3 x 10 12 kg
T = 12.4 hrs

ESA/Rosetta/MPS for OSIRIS Team



Rosetta's target comet is becoming active!?

Credit: ESA © 2014 MPS for OSIRIS-Team MPS/UPD/LAM/IAA/RSSD/INTA/UPM/DASP/IDA



First outburst detected by OSIRIS
C. Tubiana et al. 2015

Credit: ESA © 2014 MPS for OSIRIS-Team MPS/UPD/LAM/IAA/RSSD/INTA/UPM/DASP/IDA



Mini‐outburst from Imhotep in March 2015
J. Knollenberg & Lin et al. 2016 

Credits: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA



2015 Summer 



Outbursts Vincent et al 2016
"Outburst": 

 transient release of gas and dust

 duration significantly shorter than typical diurnal variations of activity (i.e. a jet can 
usually be tracked over several hours, an outburst not 

 brighter than other features, sometimes brighter than nucleus

OSIRIS + Navcam have recorded 34 (29+5) transient events from 10 July to 26 September 2015
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Subset of the brightest NAC and NavCam outbursts



Different types Vincent et al 2016

• Type A: Strong, collimated jets brighter than nucleus, usually dayside
• e.g. 19/07, 29/07, 09/08, 23/08, …

• Type B: Broad fans, shorter in length but as bright as the narrow jets associated to 
type A outbursts

• e.g. 26/07, 01/08, 26/08, 28/08…

• Type C: Complex outbursts with double feature (narrow+broad jets)
• e.g. 12/08, 28/08, 05/09, …

We see at least 3 morphologies, but they may all be different states of the same 
physical process. This classification is purely observational.

6

8

14



~29 
events

~4 sequences

Transient events from 29 July to 30 Sep. 2015
(pairs of consecutive images + sequences)



Outburst from Comet 67P/C‐G July 29, 2015

ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA



Outburst from Comet 67P/C‐G Sep. 10, 2015

2015-09-10T20.51.10.763 2015-09-10T20.51.22.797

Outburst plume



Brightness variation
(4 sequences)



10.14.49.428 (F41)10.14.17.915 (F13)10.13.43.674 (F14)

10.12.56.857 (F81)10.12.25.364 (F13)10.12.12.683 (F18)

MTP020P‐ STP072_OUTBURST_004 
2015‐09‐03 (18:02‐22)

estimated radius 3045m (40px) ‐29314m (385px) (76.14m/px)

(7~8%)

Lin et al. 2015



MTP019P‐STP069_COLOR_MAP_003
2015‐08‐12 

(~28%)
(~28%)



Brightness slopes



Radial Surface Brightness Profiles 
in Cometary Dust Coma

A spherically symmetric, steady‐state coma
number density ~ inverse square law

Surface brightness profile  (a constant slope of ‐1)
a nucleus producing a steady‐state dust outflow

Differences from this value are said to indicate variations from the standard model, 
which can be caused by temporal changes in dust production, radiation pressure, or 
alteration of the physical characteristics of the grains (fragmentation, sublimation, 
changes in optical properties, etc.).





Type A: Strong, collimated jets Type B: Broad fans 

useful hits to identify corresponding  mechanism  !?



The ejection mass



March outburst from nightside of comet 67P/C‐G
Knollenberg et al. 2016

Co-registered, cleaned and zoomed difference images  in UV375 (left- and middle-
panel) and VIS610 (right-panel) filters.



,

P: geometric albedo of the dust particle at wavelength 

: the	phase	function	at	phase	angle	
f( , ) : the specific solar flux (W m-2 nm-1)

h : the heliocentric distance (AU)
fcoma : the dust filling factor (the fraction of a pixel 
covered by dust) 

Phase	function	(Kolokolova et al. 2010 )

cross section



Difference
Images (F22) 

Time interval 
6.3s~19.6s
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size distribution of n (rd)~ rd‐g

g~3.7 (<1mm) @perihelion (Fulle et al 2016)
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g~2.6 (<1mm)



size distribution of n (rd)~ rd‐g

g~3.7 (<1mm) @perihelion (Fulle et al 2016)
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Discussion and Summary
• Brightness slopes

Coma jets  different physical properties in between 3.3‐3.5 au and 1.2‐1.4 au 
Outburst plume X  a extreme cause ( steeper or shallower), is close to steady‐state, instead. 

• The Ejection Mass (g~3.7, 1um‐1mm)
July 29, 2015  4550 Kg    if  18min ‐>  ~4Kg/s  if 5min ‐> 15 Kg/s     (1500 Kg/s @ perihelion Fulle et al 2016)
But size distribution (3.7 ?) / size range (1um‐1mm?)    
VIRTIS‐H (thermal environment) high temperature, meaning smaller size particles (< 1um ) from outbursts 
(VIRTIS‐H data are providing strong constraints on the size distribution, for particle sizes less than 1 micron. This could allow a better 
constraint of ejected dust mass)

• Excess brightness
Outburst plume  ~ few % to 30%
Coma jets activities  ~ 10%‐25% (~ perihelion)   <‐‐‐ >  3%‐10% @ 3.3‐3.5 au  (August – September 2014)

outburst plume (0.81~1.08); coma jets  (0.67~0.88)  ; background coma (0.36~0.78) @1.2~1.4 au (~3000 m NAC, 25000 m WAC)  

coma jets  (0.95~1.48)  ; background coma (0.41~0.59)  @ 3.3~3.5 au (~10000 m WAC)



Thank you for your attention



Hermann et al. detected a difference 
around the 22-23 August.
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