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Background

Ciarniello+ 2022

● Ejection of dust in cometary activity is still not fully understood

● Mechanism is critical for understanding the material 
composition and structure, and primordial (or not) nature

● Models should reproduce: Rosetta observed global production 
rates of the major gas species, dust ejection rates and sizes, 
NGA/Ts, ….

● TUBS-TPM roughly reproduced southern fluxes at perihelion 
(Gundlach+2020), but struggled with time-varying curve 
(Bischoff+2023). WEBs work but “non-WEB” material doesn’t 
(Attree+2024b)... 



● TUBS-TPM: 1D, finite difference, explicit method (Gundlach+ 
2020, Bischoff+ 2023) running on 19 latitudes on spherical 
nucleus

● Gas diffusion parametrised by half-transmission thickness, b, in 
units of pebble radii

● Ejection criteria: gas pressure > tensile strength (Skorov + 
Blum 2012) + gravity

● With or without model of intra-pebble pressure build-up and 
erosion (Fulle+ 2019, 2020)

Thermophysical Model

Gundlach+ 2020



● Model of Fulle+2019, 2020 generates large pressures inside 
pebbles, ejecting small dust

● (Alternatively, geometric model (Kreuzig+2025, Schuckart+2025, 
submitted) separates near-surface grains from neighbours by 
sublimation of connections)

● Both would take place at the surface in Water Enriched Bodies 
(WEBs) with surface area <10% (Ciarniello+2022,2023), so 
cannot explain 90% of global emission (plus the larger chunks)

● Simulating non-WEBs in Attree+2024b struggled to reproduce 
data. Trying again here with no internal pressure and varying b... 
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Sub-pebble dust

400 300 200 100 0 100 200 300 400
Time (Days to Perihelion)

10 4

10 3

10 2

10 1

100

101

102

103

104

Av
er

ag
e 

Di
ur

na
l E

m
iss

io
n 

Ra
te

s (
kg

 s
1 )

77.0
58.0
48.0
39.0
32.0
25.0
18.0
12.0
6.0
-0.0
-6.0
-12.0
-18.0
-25.0
-32.0
-39.0
-48.0
-58.0
-77.0
Total

WEB

non-WEB



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Porosity

10 1

100

b 
(D

p
)

Fulle et al. 2020
Gundlach et al. 2020

Gundlach et al. 2011

MFP Skorov
b Macher
b Aseada

400 300 200 100 0 100 200 300 400
Days from Perihelion

0.000

0.025

0.050

0.075

0.100

0.125

0.150

0.175

0.200

Ac
tiv

e 
Fr

ac
tio

n

Dusty N
Dusty S
Rocky N
Rocky S

400 300 200 100 0 100 200
Time (Days to Perihelion)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

M
ed

ia
n 

Ef
fe

ct
iv

e 
Ac

tiv
e 

Fr
ac

tio
n

Lat > 12
12  > Lat > -12
Lat < -12

Results
● Qwater reproduced for sufficiently low diffusivity (b = 0.3 pebble 

radii). Right: dust-to-ice = 2, fracCO2 = 0.1, fracCO = 0.01

● Strong water activity in the South (EAF~25%) and low in North 
(EAF~2%) matches modelling of NGA/Ts (Attree+2024a)

● Driven by ‘blow-off’ of crust in South leaving water within top 
cm of surface, vs. ~10 cm deep in North
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● Qwater roughly reproduced, but QCO2, QCO are too high

● Lowing dust-to-ice, CO2 and CO frac drastically reduced ejections, 
leaving Qs too low

● Qdust is also too high and only consist of pebbles and chunks (5 
mm – 10 cm size), and only from the southern hemisphere

CO2
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Results
● Reducing diffusivity (b = 0.1), increasing heat capacity (Cdust = 

3000 J/kg/K), and steeper strength falloff with depth ( depth∝ -1) 
helps better match the data

● QCO2, QCO, Qdust still too high

● And still no ejections in the north! Or smaller than 5 mm

Water
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● Pwater and PCO2 can overcome pebble strength for sufficiently low diffusivity, but only 
in the south!

● Qwater and its distribution (EAF curves) matched. QCO2, CCO, Qdust curves a bit high 

● Low diffusivities between pebbles favoured

● Large heat-capacity and steeply declining strength with depth also favoured

● Need high water content (dust-to-ice ~a few) and not too much CO2 (fraction ~0.1 
of water)

Conclusions 1
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If WEBs, then…

● Ejection of small dust is localised

● WEBs in northern hemisphere must be replenished by fallback (no CO2 driven 
chunk erosion)

● Rest of the surface needs also needs lots of water and not too much CO2

If no WEBs, then…

● Still need some mechanism to eject small dust everywhere

● Local qdust and qwater must not be too high (roughly equal with EAF ~ 2 - 30 %)

Conclusions 2



H2O and dust
CO2

North

South

Reduced H2O and CO2 flux. No dust

H2O and dust CO2

H2O-rich chunks
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19 equal-area latitudes on spherical 
nucleus

δH2O ≈ 50, δCO2 ≈ 2

100 % non-WEB 
surface not 
compatible with 
outgassing rates
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Results: full non-WEB surface


