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Submitting very soon!
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Paper 1
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Thermal Conduction 



● Thermal conduction in a plasma with a strong magnetic field is highly 
anisotropic (Spitzer and Harm (1953), Braginskii (1965), Balescu (1988)).

● Fourier’s law can be transformed with respect to the magnetic field.
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Lare3D – Numerical Treatment
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Thermodynamics of a Heated Null Point?
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Question: “Isn’t this all just numerical 
and mathematical nonsense”

 Tom Howson
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Paper 2



Peter Cargill recognised that the solutions in Paper 1 can be used as 
solutions to estimate cooling, based on traditional techniques.
 

See Antiochos & Sturrock (1976) and Cargill et al. (2022) for details. 



Nulls Cool Much More 
Slowly than Straight Field



Nulls Tend to Cool 
in a Predictable Way



Cooling of a coronal null 7

Figure 4. Lare results for the cooling of equilibrium 5 (constant heating: upper panels) and 10 (�2 heating: lower panels). The left (right) hand plot shows the

evolution of the temperature (pressure) at 6 locations along the symmetry line. For constant heating the pressure results lie on top of each other. The dashed and

dotted lines are discussed fully in the associated text. In all cases Lare dimensionless units are used.

abruptly turned off and the plasma allowed to cool. For the constant

heating case, the pressure shows an identical decay on all field lines

: the six curves lie on top of one another. This is not the case when

the heating is proportional to �2. Next, we look at the time to cool

by a factor two (see Eq 19). In the left hand panels, the horizontal

dashed line indicates the temperature at that time associated with the

hottest initial condition, and the second dotted vertical line shows the

time it takes to reach that temperature, approximately 120 time units.

For constant heating, the five other initial temperatures also take 120

time units to fall by a factor of two. Thus, the simple �∗ → :2

substitution proposed earlier for constant heating is confirmed with

these simulations, while for heating proportional to �2 this does not

arise.

4 DISCUSSION

The results in the previous section have been presented in terms of

the timescale g2>>; and this is a very convenient way to understand

the scalings of conductive cooling on the geometrical and plasma

parameters at the null. However, we have deliberately not referred to

this as a ‘cooling time’ since that quantity depends on the temperature

range one wishes to study the cooling over which, in turn, requires

the use of (13).

As an example, Figure 5 shows the temperature at the symmetry

points as a function of H0 at several different times (t = 0, 10, 20, 30

and 60 secs, as indicated). We see that despite g2>>; ranging from

between 30 and a few sec, the time taken to cool by, for example, a

factor of two is much longer, in excess of 60 sec. More generally, the

time taken to cool from an initial value )0 at C = 0 to a new value )1

at C = C1 is:

C1 = g2>>;

[

()0/)1)
5/2 − 1

]

, (19)

so that cooling by, for example, a factor 2 takes 4.66g2>>; . As another

example, to cool from 8 MK to 6 MK with an initial state of 10 MK

takes 1.85 g2>>; . These scalings indicate that the real difference

between the cooling times in the null and uniform fields are larger

than a simple comparison of the values of g2>>; . Care is thus needed

by what is meant by the term ‘cooling time’.

This needs to be taken into consideration if we evaluate the actual

volume of plasma in a given temperature range around the null. To

address this, we first calculate the total ‘volume’ above a specified

MNRAS 000, 1–?? (2025)

Uniform

B - Squared



dj57@st-andrews.ac.uk



dj57@st-andrews.ac.uk

Paper 3
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Natural Heating
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Magnetic Field

Driver
S
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Heating Cooling
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Conclusions

● The geometry of the magnetic field of an X-point significantly influences the equilibrium 
temperature distribution. 

● The equilibrium solution depends heavily on the form of heating; heating at the null leads to 
singular solutions, with Bmin=0.

● If we do not heat the null, finite temperatures are produced.

● Null point geometries heavily influence heating and cooling.

● Only infinite simulation resolution will resolve the problem if Bmin=0. Bmin is very 
small!

● The null should be much hotter if there is a guide field!
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Paper 1: Johnson et al. (2024). The thermodynamic response of heating 
at coronal null points. MNRAS.

Paper 2: Cargill, Hood and Johnson (2025 – very soon). Heating and 
cooling at a coronal magnetic null. MNRAS. 
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Resistivity and Numerical Nonsense
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Oscillatory Reconnection
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Image Credit: Talbot et al. (2024)



dj57@st-andrews.ac.uk

Jy

Oscillatory Reconnection (OR) occurs at the 
null when we stop the driver.

Image Credit: Talbot et al. (2024)
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Cold Nulls – Coronal Rain Formation
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Question: “Where are all the hot null points in the observations?”

dj57@st-andrews.ac.uk



dj57@st-andrews.ac.uk

Image credit: Cheng et al. (2023)



How does the equilibrium temperature compare to straight field?
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Field Aligned Conduction and the 
Magnetic Field 

(why should the null be hotter?)
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Straight Field Curved Field – Effective Heating

How does the geometry of a magnetic field influence field 
aligned thermal conduction? See (Antiochos & Sturrock 1976 
and Cargill et al. 2022).
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Straight Field Curved Field – Effective Heating

You can not cool a null with field 
aligned thermal conduction!

Along a Separatrix
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