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ABSTRACT

The Large Hadron Collider is a particle accelerator for high-energy particle physics at CERN, in
Switzerland. Here, low-temperature superconducting magnets are responsible of controlling the
orbit of the relativistic particle beams by means of intense electromagnetic forces. If temperature,
current or the magnetic flux density exceed a critical surface, superconductors quench, i.e., the
material becomes resistive. Eventually, as a consequence of the losses, the magnet may be
significantly damaged. Therefore, being able to accurately simulate the magnetic field of those
superconducting magnets is not only important for their design and optimisation, but also crucial
for their operability and protection.

The quasistatic field [1] can be described on a domain Ω by the partial differential equation

σ
∂A

∂t
+∇× (ν∇×A) = χi, (1)

with boundary and initial conditions for the magnetic vector potential A, where σ and ν denote
conductivity and reluctivity, respectively. The current density Js = χi(t) is expressed by a
winding function χ and a scalar current i. The temperature is given by the heat equation

ρCp
∂T

∂t
−∇ · (k∇T ) = Ps + PJoule, (2)

where ρ is the mass density, Cp the heat capacity, k the thermal conductivity and T the temper-
ature. The Joule losses PJoule are defined as PJoule = qflag σ

−1‖Js‖2 and are activated in case of
a quench by the sigmoid-type activation function qflag that depends on time, the magnetic flux
density B = ∇ ×A and current density Js. The power density Ps(A) links the heat equation
with the electromagnetic fields. In case of quenching, i.e., qflag > 0, the superconducting coils
have a resistance with the voltage drop

v =
d

dt
Φ + Rti with Rt =

∫
Ω
χ>qflagσ

−1χ dΩ. (3)

The resistance Rt inherits the dependencies on t, B and Js. In order to numerically approxi-
mate the solution of the equations above, the finite element method is used. The majority of
implementations in the accelerator community is based on proprietary finite element solvers. In
this contribution we discuss an improved model and its implementation within the opensource
software GetDP [2].
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