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Abstract. Extra mixing is the mixing of material in regions that are stable against
convection. We identify two situations in asymptotic giant branch stars where extra
mixing is thought to be required. We then discuss four physical processes that might be
the cause of such mixing: convective overshooting, rotational mixing, internal gravity
waves and thermohaline mixing. The first three are discussed in terms of the formation
of the 13C pocket, while the last is discussed in relation to abundance changes during
the interpulse. We round off this review with some comments on how progress might
be made in this area.

1. Introduction

In stellar structure and evolution a star is typically divided up into regions based on how
energy is being transported. Those regions where energy transport is via the scattering
of photons are called radiative. The chemical compositions of these regions are only
changed when they are hot enough for nuclear burning to take place. Those regions in
which energy transport is via the bulk motion of material are called convective. This
bulk motion has an effect on the composition as blobs of material move from one part
of the star to another, depositing their thermal and chemical content as they merge with
the ambient medium.

It has been known for some time that this picture is far too simplistic. Many
observations cannot be explained when only mixing via convection is taken into ac-
count. Perhaps the most famous example is the abundances changes that are observed
in stars near the tip of the red giant branch (see e.g. Smiljanic et al. 2009, and refer-
ences therein). Some process (or indeed processes!) must mix material in the radiative
regions: there must be some kind of “extra mixing.”1 As the observational evidence
for extra mixing in asymptotic giant branch (AGB) stars is discussed elsewhere in this
volume by C. Abia, we will restrict our contribution to the physical causes of extra
mixing.

There are two contexts in which extra mixing may play a role on the AGB. First,
some kind of extra mixing is needed to form the 13C pocket which is thought to be

1In a fit of grammatical and etymological pedantry, the lead author would like to stress that one should
use “extra mixing” when one refers to the process as a noun, and “extra-mixing” when an adjective is
intended. Hence we may talk about the need for extra mixing, and debate what extra-mixing processes
may be at work. Under no circumstances should one write “extramixing” as it is etymologically unsound
and would literally mean “that which is outside the mixing.” The editor agrees, although the second author
would like to distance himself from this grammatical griping.
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Figure 1. Schematic depiction of the formation of a 13C pocket. Convective re-
gions are shaded in light grey with circles. The hydrogen-burning shell is denoted
with a dashed line; the helium-burning shell is denoted with a dash-dotted line. Par-
tial mixing of hydrogen (wavy line) into the intershell region occurs at the deep-
est extent of the convective envelope after TDUP and proton captures on to 12C
form a pocket of 13C (grey region). This is subsequently destroyed by the reaction
13C(α, n)16O, providing a neutron source for the s-process.

required for the s-process to take place. 13C acts as a source of neutrons when it re-
acts with α-particles via the reaction 13C(α,n)16O. It is thought that this pocket forms
when the convective envelope is at its deepest extent following third dredge-up (TDUP).
Some partial mixing of protons from the H-rich envelope into the C-rich intershell oc-
curs at this point (see Figure 1). The protons then react with 12C to form the 13C pocket
– this is simply the first step in the CN cycle. The amount of mixing is crucial. If too
many protons are mixed into the intershell, they may react with any 13C that is formed
to give 14N. This has a high neutron absorption cross-section and will effectively ab-
sorb any neutrons liberated by the 13C(α, n)16O reaction. For this reason, it is often
described as a neutron poison. We will return to the issue of neutron poisons when
discussing rotational mixing.

The second context in which extra mixing may be required (and it is by no means
certain that it is required in all low-mass stars; see Karakas, Campbell, & Stancliffe
2010) relates to the circulation of material below the convective envelope during the
quiescent interpulse phase. In the more massive AGB stars (those of above around
4–5 M�) the base of the convective envelope lies within the hydrogen-burning shell so
that the entire envelope can be processed by nuclear burning during the interpulse. This
process is given the name “hot bottom burning.” In the low-mass AGB stars, this cannot
happen as there is a radiative buffer between the base of the convective envelope and the
hydrogen-burning shell. Temperatures in the convective envelope remain too cool for
nuclear reactions to take place. For changes in the composition of the envelope to take
place, some additional process must transport material from the base of the convective
envelope down to layers of the star that are hot enough for nuclear reactions to take
place, as depicted in Figure 2. This process is sometimes referred to as “cool bottom
processing” (a rather misleading name) or “deep mixing.”
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Figure 2. Schematic depiction of extra mixing during the interpulse phase of a
low-mass AGB star. The convective envelope of the star is shown in light grey,
with TDUP happening at the right-hand end of the figure. The region in which
H-burning takes place is depicted in the dark grey with hatching. A radiative buffer
(white) exists between these two regions, and it is only by some additional circulation
process (dashed arrows) that material can be transported between the two.

2. Extra–Mixing Processes

There has been much focus in the literature on treating extra mixing via parameteri-
sation (e.g. Nollett et al. 2003; Lebzelter et al. 2008). One sets the depth of mixing (or
equivalently, the temperature down to which mixing occurs) and the rate of mixing and
looks at what composition changes occur. This approach confirms that a circulation
of material below the convective envelope can indeed lead to the required composition
changes, but it tells us nothing about the underlying physics. In this review, we will
attempt to elucidate some of the possible physical causes of extra mixing, including
convective overshooting, rotation, internal gravity waves, and thermohaline mixing2.

2.1. Convective Overshooting

Convective overshooting is perhaps the most conceptually straightforward of the pro-
posed extra-mixing mechanisms. Consider a blob of material circulating within a con-
vective region, approaching the boundary with a radiative region. At the very boundary,
the blob is neutrally buoyant: there is no net force acting upon it. However, there is no
guarantee that the speed of the blob is zero when it reaches the boundary. Conservation
of momentum will allow the blob to keep going, penetrating into the radiative region.
This is the process known as convective overshooting. Once inside the convective re-
gion, the blob may dissipate, depositing its energy and chemical composition.

In AGB stars, the effects of convective overshooting have been extensively studied
by Herwig (2000). Based on the two-dimensional hydrodynamical simulations of con-
vection of Freytag, Ludwig, & Steffen (1996), he incorporated the effects of convective

2Another possible mixing mechanism is associated with magnetic fields. We direct the reader to the works
of Busso et al. (2007), Nordhaus et al. (2008), and Palmerini et al. (2009) for further details.
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overshooting into a 1-D stellar evolution code by means of a diffusion coefficient Dov

of the form

Dov = D0 exp

(

−
2z

f Hp

)

(1)

where D0 is the diffusion coefficient for convection close to the convective boundary
(note this is formally zero at the boundary, so one cannot use this value), z is the distance
from the convective boundary, Hp is the pressure scale height, and f is a free parameter
that must be determined. Herwig (2000) favours a value of f ≈ 0.016.

Using this prescription, Herwig (2000) studied the formation of a 13C pocket in a
model of 3 M� at Z = 0.02. He found the overshooting was sufficiently strong to mix
protons down into the intershell region. When these subsequently burned, a 13C pocket
was formed in regions where the hydrogen abundance was below 5%. At higher hydro-
gen abundance, further CN cycling occurred and a 14N pocket formed. He obtained a
maximum 13C mass fraction of 0.09 within the pocket, but the total mass of 13C con-
tained in the pocket was very small, being around 2–4×10−7 M�. This is probably
insufficient to produce a significant s process, which likely requires a 13C pocket with
a mass of around 10−5 M� (Straniero et al. 1995).

2.2. Rotational Mixing

The inclusion of rotation into a stellar model introduces a host of additional processes
that can lead to mixing events. These are described by Endal & Sofia (1978), who split
these processes into two categories: dynamical instabilities and secular instablilites.
Here we will only briefly describe each of the instabilities; for a more detailed descrip-
tion, we direct the reader to Heger (1998). In the former category are the dynamical
shear instability, which occurs when the energy that can be extracted from the shear
flow becomes comparable with the energy needed to overturn a mass element, and the
Solberg-Hoiland instability, which occurs when an adiabatically displaced mass ele-
ment experiences a net force in the direction of the displacement only. The secular
instabilities are the secular shear instability, the Eddington-Sweet circulation and the
Goldberg-Schubert-Fricke (GSF) instability. The first of these is similar to the dynami-
cal shear instability except that heat exchange with the surroundings is also considered.
Eddington-Sweet circulation arises because a star that is rotating cannot maintain ther-
mal equilibrium. Large-scale flows occur to try and restore equilibrium and so mixing
of material may result. Finally, the GSF instability deals with the secular stability of
axisymmetric perturbations.

The possible role of rotation in the formation of a 13C pocket was discussed by
Langer et al. (1999). These authors studied the effects of rotation on a 3 M� model of
metallicity Z = 0.02 with an initial rotational speed of v = 250 km s−1. When the star
reaches the AGB, it consists of a rapidly rotating core with a slowly rotating envelope.
As the envelope penetrates inward during third dredge-up, a steep angular momentum
gradient is set up and the GSF instability can occur. This leads to the mixing of protons
down into the 12C-rich intershell and the formation of a 13C pocket. In their simulations,
a pocket of around 10−5 M� was formed.

However, there is a problem with rotation as a potential mechanism for forming the
13C pocket. The angular momentum gradient persists after the envelope has retreated
and so mixing can continue throughout the interpulse. This means protons continue
to be mixed down into the intershell. If too many protons are mixed in, the next step
in the CN cycle can take place, with 13C being converted into 14N. 14N has a large



Extra–Mixing Processes in AGB Stars 33

cross-section for neutron absorption and so may absorb the neutrons liberated by the
13C(α, n)16O reaction, starving the heavy nuclei of the neutrons required to produce the
s-process elements.

The effects of rotation on the formation of a 13C pocket together with a 14N pocket,
and the subsequent impact on the s process, were studied by Herwig, Langer, & Lugaro
(2003). They found that the neutron exposure in this model reached τ = 0.04 mbarn−1.
This is too small to produce a significant s process. By way of comparison, these
authors point out that a neutron exposure of around τ = 0.4 mbarn−1 is required to
match observations of the s process at solar metallicity.

Does rotation still have a role to play in lower-mass AGB stars? Langer et al.
(1999) note that low-mass stars have convective envelopes while on the main sequence.
The process of magnetic braking should lead to these stars losing 99% of their angular
momentum while in this phase. Could this lead to a smaller angular momentum jump
between core and envelope when the star is on the AGB, and consequently to a smaller
degree of mixing and a more efficient s process? It seems this idea was never followed
up, and this remains an open question.

Another open question concerns the effects of rotation as a possible mechanism
for deep mixing. The literature is surprisingly quiet on this point (at least as far as we
have been able to discover). Whilst rotating AGB star models have been made, there
has been no comment on whether rotation affects the surface abundances during the
interpulse. The absence of comment suggests an absence of effect, but this needs to be
confirmed by a dedicated study.

2.3. Internal Gravity Waves

Internal gravity waves (IGW) result when a fluid is perturbed in the presence of a grav-
itational field. In stellar interiors this perturbation can be caused by convective motions
beating upon the interface between a radiative region and a convective region. The
resulting propagation of these IGWs can lead to mixing in the radiative region. Such
waves have been observed in hydrodynamical simulations such as those of Herwig et al.
(2006) and Meakin & Arnett (2007).

The action of internal gravity waves on AGB stars was studied by Denissenkov &
Tout (2003). These authors looked at whether IGWs could result in the formation of
a 13C pocket. They took two mixing mechanisms associated with IGW that had been
proposed to explain lithium depletion in F stars (Garcı́a López & Spruit 1991, hereafter
GLS) and G stars (Montalbán & Schatzman 2000, hereafter MS), and applied them to
a 3 M�, Z = 0.02 model just after third dredge-up following the 19th thermal pulse.
They find that the GLS formalism is the more efficient of the two mixing mechanisms,
producing a diffusion coefficient that is roughly two orders of magnitude greater than
the MS prescription. For the GLS mechanism, they obtain a 13C pocket of around
3 × 10−6 M�, while the MS mechanism gives a pocket mass of just 6 × 10−7 M�. Since
the former gives a neutron exposure that is comparable to that required to produce the
main s-process component (Denissenkov & Tout 2003), it seems that IGWs could be a
viable means to produce the required 13C pocket.

However, we must take this conclusion with the following caveat in mind. The
prescriptions employed by Denissenkov & Tout (2003) were originally developed for
main sequence stars. Their applicability to AGB stars is by no means certain. In fact,
some of the free parameters used (and there are more free parameters that we ought
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to be comfortable with) are only applicable to solar-type main sequence stars. A more
detailed study of IGW generation in AGB stars is clearly warranted.

Can IGWs have an impact on envelope abundance changes during the interpulse?
This is an open question. The Denissenkov & Tout (2003) simulations focus only on
the formation of the 13C pocket and do not extend over one full pulse cycle, let alone
over the whole TP-AGB phase. The impact of IGWs in this context remains to be
investigated.

2.4. Thermohaline Mixing

Thermohaline mixing is a process that was first discussed in the context of the Earth’s
oceans. It occurs when layers of hot, salty water overlie layers of cold, fresh water.
When material is displaced from the upper layer into the lower, it loses heat to its sur-
roundings, becomes more dense and continues to sink. This process results in elongated
fingers (often referred to as ‘salt fingers’) of material extending down from the upper
layer into the lower one. This instability is a double-diffusive instability because it
relies on the different diffusive time-scales for the stabilising (heat) and destabilising
(salt) agents.

A similar double-diffusive process can occur in stars, and indeed, the name ‘thermo-
haline mixing’ is often applied to the process in the stellar case. However, in stars it is
the mean molecular weight of the material that plays the role of the destabilising agent.
When material of a higher mean molecular weight lies above material of a lower mean
molecular weight, thermohaline mixing can result. If the two layers had the same tem-
perature, the configuration would be unstable because the upper layer would be more
dense – the higher mean molecular weight (caused by differences in composition) acts
as a destabilising agent. If the upper material is hotter, it can remain less dense despite
its higher molecular weight. The heat acts as a stabilising agent. As heat diffuses out
of the material, it becomes denser than the underlying layer and begins to sink, leading
to mixing of material. This process proceeds via the formation of long fingers – again,
often referred to as “salt fingers” – extending down from the upper layer into the lower
layer.

Thermohaline mixing has become a topic of great interest in stellar circles, since
Eggleton et al. (2006) noted that 3He burning caused unexpected motion of material in
a 3-D hydrodynamic model of a red giant. The 3He(3He,2p)4He reaction is an unusual
one, as it creates more particles than it destroys. As a consequence this reaction lowers
the mean molecular weight of material in which it occurs. The change in the mean
molecular weight is small, with δµ/µ ≈ 10−5. The effect is only noticeable because any
existing composition gradient (caused by the conversion of protons into 4He) is erased
when the convective envelope penetrates inwards as the star begins its ascent of the red
giant branch. As the hydrogen burning shell moves outwards, the first reaction to start
in this homogenised region is 3He(3He,2p)4He and consequently its effect on the mean
molecular weight can be felt.

Because of the role played by the mean molecular weight, it was soon determined
that thermohaline mixing was the cause of the motion seen in the Eggelton et al. sim-
ulation (Charbonnel & Zahn 2007b; Eggleton et al. 2008). It was shown that use of
the simple linear theory diffusion coefficients advocated by Ulrich (1972) and Kippen-
hahn, Ruschenplatt, & Thomas (1980) could explain the abundances changes observed
in red giant branch stars in open clusters, provided a sufficiently large value for the
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theory’s one free parameter3 was adopted (Charbonnel & Zahn 2007b). It was subse-
quently shown that using the same mixing coefficient as was used for the open clusters
could also reproduce the abundance changes seen in globular clusters (Angelou et al.
2011), as well as the abundances changes in both the carbon-normal and carbon-rich
metal-poor stars (Stancliffe et al. 2009).

Thermohaline mixing may also be at work on the AGB. The conditions that allow
thermohaline mixing to occur on the RGB are also present on the AGB, namely a reser-
voir of 3He must exist, and there must be an erasing of existing composition gradients.
The former condition is satisfied because thermohaline mixing does not destroy all the
3He in the stellar envelope. The latter is also satisfied because after each thermal pulse,
the convective envelope deepens and for sufficiently violent pulses, it may reach the
depth of the hydrogen burning shell (and beyond!). We may expect it to act during the
interpulse phase, cycling matter between the base of the convective envelope and the
hydrogen burning shell – the second context outlined in the Introduction.

AGB models with thermohaline mixing included have recently been made by Stan-
cliffe (2010), Cantiello & Langer (2010), and Charbonnel & Lagarde (2010). These
studies all note that despite the low 3He abundance in the stellar envelope, thermo-
haline mixing can still cause abundance changes on the AGB. Each study notes that
thermohaline mixing can lead to the production of lithium. On reflection, this is per-
haps unsurprising. The depth of the mixing is set by the 3He burning reaction and it is
in the same layers that the 4He(3He,γ)7Be reaction takes place. In particular, Stancliffe
(2010) showed that thermohaline mixing in low metallicity AGB stars could generate
significant lithium enhancement, up to the level of log10 ε (7Li) = 2.5, which is the level
observed in some carbon-enhanced metal-poor stars and which is extremely difficult to
explain with standard evolution models (see the discussion in Stancliffe 2009, for more
details of the problem of lithium in carbon-enhanced metal-poor stars).

Stancliffe (2010) also looked at the effects of thermohaline mixing on the 12C/13C
ratio and nitrogen in low metallicity AGB stars. The carbon-enhanced metal-poor stars
display low 12C/13C ratios and modest nitrogen enhancements, while low mass, low
metallicity AGB star models predict high 12C/13C ratios and negligible nitrogen en-
hancement (e.g. Karakas & Lattanzio 2007; Stancliffe & Glebbeek 2008). Stancliffe’s
models, made with the STARS evolution code (Stancliffe & Eldridge 2009), showed
that thermohaline mixing could lower the 12C/13C ratio, but only for a few pulses. As
the carbon content of the envelope was increased by third dredge-up, the CN cycle be-
comes more efficient at raising the mean molecular weight via the production of 4He.
The consequence of this is that the point at which the mean molecular weight inver-
sion occurs moves outward to regions of cooler temperature where the mean molecular
weight reducing 3He(3He,2p)4He reaction can dominate. Because the mixing is less
deep, less CN cycled material (particularly 13C) is brought to the surface. In addition,
Stancliffe (2010) also found that thermohaline mixing had little impact on the nitrogen
abundances in his AGB models.

Thermohaline mixing is not without its criticisms. The formalisms currently in use
rest upon a simple linear theory approximation to the situation (see Ulrich 1972; Kip-
penhahn et al. 1980, for details). The diffusion coefficient developed from this theory
contains a free parameter that, when calibrated to reproduce the observations in one sit-

3This free parameter is essentially linked to the aspect ratio of the salt fingers. For a detailed discussion,
see Charbonnel & Zahn (2007b)
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uation, seems to work in all situations encountered so far. Getting the parameterisation
to fit is not the same as understanding the physics! Indeed, there have been objections
to the value chosen for the free parameter on theoretical grounds. Cantiello & Langer
(2010) favour a much smaller value, closer to the value advocated by Kippenhahn et al.
(1980) than the one chosen by Charbonnel & Zahn (2007b) (which is in accord with
the value advocated by Ulrich 1972), and Denissenkov (2010) favours a similar value
based on his two dimensional hydrodynamical simulations of thermohaline convection.
Clearly a better theoretical understanding of thermohaline mixing is needed.

3. What Next?

What are the prospects for making progress in understanding extra-mixing mechanisms
in AGB stars? Clearly there is much work still to be done. It should be noted that very
little has happened regarding the formation of the 13C pocket for some years now. For
some reason, the topic has fallen out of favour. The prospects for understanding deep
mixing are perhaps better as there seems to be more current interest in the topic. It is
also clear that some of the existing mechanisms discussed above should be applied to
this context. The codes and formalisms to do this clearly exist and all that is needed is
for someone to pick up the baton.

One area which is almost certainly going to impact on our understanding of extra-
mixing mechanisms is multi-dimensional hydrodynamic simulations. Direct numerical
simulation is the closest that we can get to being able to do experiments in astrophysics.
By doing such simulations of extra-mixing processes we may be able to arrive at a better
understanding of the processes involved and perhaps even constrain the free parameters
in our theories. The simulations of Denissenkov (2010) for thermohaline convection
are a good example of this, as are the simulations of Traxler et al. (2011) for the same
process in the oceanic case.

It is also possible that hydrodynamical simulations will reveal new mechanisms
that we had not previously considered. We have seen how the simulations of Eggleton
et al. (2006) with the DJEHUTY code have ignited interest in mixing driven by 3He-
burning. Mocák & Mueller (2011) also report an unexpected mixing process in their
hydrodynamical simulations. However, for the foreseeable future, we will always be
left with having to translate the results of these simulations into something that can be
put into the 1-D evolution codes, as the 3-D simulations take too long to run.

This contribution has discussed each mixing mechanism in turn as if it were the
sole cause of extra mixing in AGB stars. What seems far more likely is that multiple
mechanisms are at work and that they all play a role. Cantiello & Langer (2010) and
Charbonnel & Lagarde (2010) have both presented models that include more than one
process. However, one must treat the results of these simulations with a great deal of
caution. By simply adding the individual diffusion coefficients for each mechanism,
one does not take into account the interaction between the individual mechanisms.
For example, Charbonnel & Zahn (2007a) demonstrated how the presence of mag-
netic fields can suppress thermohaline convection, while Denissenkov & Pinsonneault
(2008) showed how rotation-induced horizontal turbulence could also inhibit the same
process. These interactions are not taken into account by simply summing diffusion co-
efficients! Again, hydrodynamical simulations will have a role to play in determining
how multiple mixing processes will interact.
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In summary, the prospects for enhancing our understanding of extra-mixing pro-
cesses in AGB stars seem good. With hydrodynamical simulations providing improved
prescriptions for use in the 1-D stellar evolution codes, it seems likely that when the
next meeting in this series is held there will be some interesting new results to discuss.
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Garcı́a López, R. J., & Spruit, H. C. 1991, ApJ, 377, 268
Heger, A. 1998, Ph.D. thesis, Technische Universität München
Herwig, F. 2000, A&A, 360, 952
Herwig, F., Freytag, B., Hueckstaedt, R. M., & Timmes, F. X. 2006, ApJ, 642, 1057
Herwig, F., Langer, N., & Lugaro, M. 2003, ApJ, 593, 1056
Karakas, A., & Lattanzio, J. C. 2007, Publ. Astron. Soc. Australia, 24, 103
Karakas, A. I., Campbell, S. W., & Stancliffe, R. J. 2010, ApJ, 713, 374
Kippenhahn, R., Ruschenplatt, G., & Thomas, H.-C. 1980, A&A, 91, 175
Langer, N., Heger, A., Wellstein, S., & Herwig, F. 1999, A&A, 346, L37
Lebzelter, T., Lederer, M. T., Cristallo, S., et al. 2008, A&A, 486, 511
Meakin, C. A., & Arnett, D. 2007, ApJ, 667, 448
Mocák, M., & Mueller, E. 2011, A&A, submitted, arXiv:1005.2295
Montalbán, J., & Schatzman, E. 2000, A&A, 354, 943
Nollett, K. M., Busso, M., & Wasserburg, G. J. 2003, ApJ, 582, 1036
Nordhaus, J., Busso, M., Wasserburg, G. J., et al. 2008, ApJ, 684, L29
Palmerini, S., Busso, M., Maiorca, E., & Guandalini, R. 2009, PASA, 26, 161
Smiljanic, R., Gauderon, R., North, P., et al. 2009, A&A, 502, 267
Stancliffe, R. J. 2009, MNRAS, 394, 1051
— 2010, MNRAS, 403, 505
Stancliffe, R. J., Church, R. P., Angelou, G. C., & Lattanzio, J. C. 2009, MNRAS, 396, 2313
Stancliffe, R. J., & Eldridge, J. J. 2009, MNRAS, 396, 1699
Stancliffe, R. J., & Glebbeek, E. 2008, MNRAS, 389, 1828
Straniero, O., Gallino, R., Busso, M., et al. 1995, ApJ, 440, L85
Traxler, A., Stellmach, S., Garaud, P., Radko, T., & Brummell, N. 2011, J. Fluid Mechanics,

submitted, arXiv:1008.1807
Ulrich, R. K. 1972, ApJ, 172, 165



38 Stancliffe and Lattanzio

Discussion

Melbourne: Can you give a brief explanation of neutron poison?

Stancliffe: A neutron “poison” is a substance that can capture neutrons, thus denying
them to the heavy nuclei and preventing the s-process. 14N acts as an effective poison
because it is abundant and has a high neutron-capture cross-section.

Melbourne: Are all of these processes able to reproduce the data?

Stancliffe: Convective overshooting and internal gravity waves can produce 13C pock-
ets that will give the required neutron exposures needed to get the s-process at solar
metallicity. Rotation fails because the 13C pocket has too much 14N.

Meixner: You and other theorists have talked about the importance of 3-D models. Are
these 3-D models going to show you which of these extra-mixing processes dominate?

Stancliffe: That is the hope! In reality, this may take some time as 3D hydrodynamical
modelling is hard to do. At present much progress has been made doing modelling of
individual processes but no-one has yet looked at combined effects.

Richard Stancliffe.


