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2.1. MAGNETIC CONFIGURATION AND PARTICLE TRAJECTORIES

Figure 2.2: Particle trajectories in a tokamak. The left hand side picture illustrates the three angular
components of a trapped particle trajectory. The right hand side picture is a poloidal projection of the
trajectories of a passing and a trapped particle.

called trapped particles and their trajectories have the shape of a banana when projected
onto a poloidal cross-section. To understand this behavior, we need to recall that the mag-
netic field of a toroidal configuration cannot be uniform, but varies like 1/R (Eq. 2.9). Let us
now consider a particle characterized by the invariants E and µ and use the approximation
that B(0) ⇡ BT(0), it directly comes that µ = (E �mv2

k/2)/B(0) / R(E �mv2

k/2). Hence,
if the particle approximately follows a helical field line and comes nearer to the axisym-
metry axis, R ! 0, the simultaneous invariance of E and µ may enforce a cancellation of
vk, which means that the particle (or more exactly its guiding-center) will bounce back to
the outer region of the tokamak. If vk does not cancel, the particle is called passing particle.

The existence of trapped particles is a first evidence that the motion of charged particles
is not purely along the field lines. More explicitely, it can be shown that the guiding-center
motion is, as expected, mainly parallel but that it also contains a drift. Explicitely,

Ẋ = vkb + vg + O(⇢⇤2 vt) (2.15)

where vg, called the drift velocity, contains three physical components related to the pres-
ence of an electric field and to the magnetic field non-uniformities, vg = vE⇥B+vrB+vc with

• vE⇥B = E(0)⇥B(0)

B
2

(0)

, the E⇥B drift

• vrB = µ

e
b(0) ⇥

rB(0)

B(0)

, the grad-B drift

• vc = mvk
eB(0)

b(0) ⇥  , the curvature drift

where b(0) = B(0)/B(0), and  = b(0) · rb(0) is the field local curvature. When E(0) is
chosen such that the E ⇥ B drift is only first order compared to ⇢⇤, which is the case in
standard discharges (where E(0) is mainly parallel for toroidal current generation), vg is
shown to be only first order in ⇢⇤.

Note that the above developments would still be correct with slowly varying fields,

1
⌦c

1
B(0)

dB(0)

dt
⇠ ⇢⇤. (2.16)
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EGAM island interacts with trapping cone —> Losses
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Trapping island enlarges as particles explore increasing r due to EGAM
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