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The condition for dust activity 



Forces acting on desiccated dust layer on the surface of a cometary nucleus: 

 “Downward”: 

 Cohesion ( tensile strength) 

 Gravity ( depends on dust and nucleus mass) 

 “Upward”: 

 Gas pressure below dust layer ( depends on ice temperature and 
properties of desiccated dust layer) 

Electric forces are (mostly) negligible! 

DUST EMISSION OCCURS IF (AND ONLY IF) UPWARD  
FORCES EXCEED DOWNWARD FORCES. 

The physics behind dust activity 



The tensile strength of cometary dust 



Gundlach  
et al. 2018 

Measurement of tensile strength by the Brazilian Disk Test 



Gundlach et al. 2018 

Measurement of tensile strength by the Brazilian Disk Test 

 Homogeneous dust layers 
consisting of water-ice or silica 
grains in the size range 
between ~0.1 µm and ~1 µm 
possess tensile strengths on 
the order of 1-10 kPa. 



 Homogeneous dust layers 
consisting of water-ice or silica 
grains in the size range 
between ~0.1 µm and ~1 µm 
possess tensile strengths on 
the order of 1-10 kPa. 

 If water ice caused dust 
activity, this would imply ice 
temperatures of ~300 K! 

The impossibility of homogeneous dust layers 
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The tensile strength of dust-aggregate layers 

 If comets form by the gentle gravitational collapse of dust aggregates (“pebbles”), they 
possess a hierarchical structure, which considerably lowers the tensile strength. 



The tensile strength of dust-aggregate layers 
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 Tensile strengths on the order of 1 Pa have been measured/inferred on comet 67P 
(Groussin et al. 2015; Thomas et al. 2015; Hirabayashi et al. 2016; Attree et al. 2018) 

 If comets form by the gentle gravitational collapse of dust aggregates (“pebbles”), they 
possess a hierarchical structure, which considerably lowers the tensile strength. 

Skorov & Blum 2012 



 Dust layers consisting of dust 
aggregates with sizes of  
1 mm – 1 cm possess tensile 
strengths on the order of  
0.1-1 Pa. 

 If water ice caused dust  
activity, this implies (realistic?) 
ice temperatures of  
200 - 210 K. 

Implications for sub-surface water-ice temperature 



The heat conductivity of cometary dust 



Blum et al. 2017 

Processes responsible for heat transfer through dust-aggregate layers 

 To derive the sub-surface water-ice temperature, knowledge about the heat transport 
through the layers of dust aggregates is required. 

 Radiative heat transport dominates for large dust-aggregate sizes. 



 Example: Comet 67P at 25° northern latitude and 3.27 AU heliocentric distance pre-
perihelion  

Blum et al. 2017 

The temperature stratification in desiccated layers of dust aggregates 



The temperature and vapor pressure of the ice 



THE GREAT MISCONCEPTION: more ice makes the comet more active 
 

IN REALITY: The smaller the abundance of ice, the higher is the achieved 
sub-surface gas pressure!!! 
• The gas pressure is always a fraction  of the saturation vapor pressure. 
• This fraction  ONLY depends on gas permeability of the desiccated 

dust layer. 
• The saturation vapor pressure ONLY depends on the ice temperature 

and NOT on the ice abundance (as long as there is enough ice present). 
• A smaller ice abundance means fewer losses into latent heat. 
• Fewer latent-heat losses mean higher ice temperatures. 

Implications of ice abundance 



Gundlach et al. 2011 

The saturation vapor pressure 



The gas pressure beneath the desiccated dust layer 



Tensile strength of  
dust-aggregate layer 

Vapor pressure as a function of depth 

Saturation vapor  
pressure 

Fractional vapor retention 

Sub-surface  
vapor pressure 

Dust-activity 
range 



Checking the condition for dust activity 



Bischoff et al.  
(subm. to MNRAS) 

The dust-activity condition on Earth and cometary nuclei 



Experimental setup to study dust activity in the laboratory 

Bischoff et al.  
(subm. to MNRAS) 



The silica dust aggregates used in the laboratory experiments on dust activity 

Bischoff et al. (subm. to MNRAS) 

Kothe et  
al. 2013 

Monomer  
grains 

Aggregates 



Time-lapse movies with 4 (left) and 8 
(right) aggregate layers on top of an ice 
surface. Temperature: ~ 200 - 240 K. 

2.5 cm 2.5 cm 
Bischoff et al. (subm. to MNRAS) 

Results of the laboratory experiments on dust activity 

 Paradigm: Dust activity occurs when sub-surface gas pressure exceeds tensile strength 
of overlying dust mantle. 

 Lab experiments with sub-mm-sized dust aggregates as pebble analogs confirm this 
paradigm and show that emitted dust consists of pebble clusters whose sizes increase 
with increasing thickness of dust cover. 



Results of the laboratory experiments on dust activity 

 The dust aggregates are being emitted over a narrow temperature range. 

Bischoff et al.  
(subm. to MNRAS) 



Results of the laboratory experiments on dust activity 

 The condition for dust activity is pressure > strength. 

Bischoff et al. (subm. to MNRAS) 



The properties of the emitted dust 



Gundlach et al. 2015 

Measurements of dust-size distributions on the surface and in the coma of 
comet 67P with various Rosetta instruments and from the ground 

Blum et al. 2017 

Dominating particle sizes 

Mass 
domina-
ted by 
largest 
particles  

Mass 
domina-
ted by 
smallest 
particles  

The size of the emitted dust 

 The theoretical maximum dust-size range following the paradigm pressure > strength 
and comparison to comet 67P. 



Bischoff et al. (subm. to MNRAS) 

Time-lapse movies with 4 (left) and 8 
(right) aggregate layers on top of an ice 
surface. Temperature: ~ 200 - 240 K. 

The size of the emitted dust 

 Emitted pebble-cluster sizes increase with increasing thickness of dust cover. 



Ott et al. 2017 

The size of the emitted dust 

 Can we understand the emission of kg chunks? 

Numerical simulations of dust activity  
(Gundlach et al., in prep.) 

o Comet 67P 

o South polar region 

o Perihelion 

o Tensile strength: 0.3 Pa 

o Dust-aggregate radii: 5 mm 

o Dust-to-ice mass ratio: 3 

o Volatiles: H2O, CO2 (rel. abundance of CO2 15%) 

o Activity caused by H2O and CO2  
(relative mass-loss rates 40% and 60%, respectively) 

o Dust emitted by CO2 has mass of ~0.8 kg and ~70% of the 
original water-ice content 

o Dust emitted by H2O has mass of ~1 g 



Bischoff et al.  
(subm. to MNRAS) 

The initial velocity of the emitted dust 



Outgassing rate of comet 67P 



o Gas activity of comet 67P can be 
correctly described by a pebble 
model (albeit not exclusively). 

o Thermophysical model takes into 
account heat conduction and 
radiation and results in a time-
dependent temperature profile. 

o What results is the time evolution 
of the water-vapor outgassing 
rate for a shape model of comet 
67P, pebble radii of 5 mm and a 
dust-ice interface at 1 cm depth. 

o Triangles are measurements by 
Fougere et al. 2016. 
 

Modeling of the water-vapor outgassing rate of comet 67P 



Blum et al. 2017 
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Modeling of the water-vapor outgassing rate of comet 67P 



The cometary dust tail – a big mystery 



Where does the dust tail come from? 

o Tail particles have sizes on the order of 0.5-5 µm. 
o Particles with these sizes possess tensile strengths of ~kPa. 
o To exceed this tensile strength, absurdly high water-ice 

temperatures would be required. 
o The process that loosens the µm-sized dust particles has still 

not been identified. 
o If electrostatic effects are responsible, electric potentials on 

the order of kV are required. 

Gundlach et al. 2018 

Image credit: ESO 



The condition for dust activity 

The tensile strength of cometary dust 

The heat conductivity of cometary dust 

The temperature and vapor pressure of the ice 

The gas pressure beneath the desiccated dust layer 

Checking the condition for dust activity 

The properties of the emitted dust 

Outgassing rate of comet 67P 

The cometary dust tail – a big mystery 
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Appendix: Heat conductivity of pebble piles 




