lon trajectory ssimulation - THK

The objective is to perform a numerical simulation of thesslaal equation of motion:

whereM = 1.4 x 10~2°kg is the Strontium mass ar@ = 1.6 x 10~19C is the unit

charge. 1 will use thex-coordinate for the discussion, although the analysis béll

equally valid for other coordinates. Note that | have asslithat thez-coordinate is

decoupled from the others, which is strictly true only whés one of the principal axes
of the trap in the linear approximation.

One then separates the driving field into the rf and stray fieldponents. The rf
term can be decomposed into a product of a spatial profile ambaoidal modulation
in time at frequency?. The stray field is assumed to be a constant dc field. Additigna
I'll also add a velocity-proportional damping force:

M: = —p2—Q (Ewx(z)cos(Q) + Egray) @)
= —pz- QETf(Z) COS(Qt) - QEstray~ (3)
Here, note that we can then substitute a numerically-coetp(#.g. CPO) field

profile for Ey¢(z) and numerically integrate the equation of motion. For noe,will
proceed with the linear approximation, which will yield thiandard Mathieu equation.

We perform a linearization of the rf fielH,¢(z) at its nodez. It then follows:
Ew(z) = Vief - (2 — 20) 4)

where f is a constant of unit [lengthf dependent on the geometry of the trap; it can
be thought of as a voltage-normalized coefficient for thedguole field. For example,
for the symmetric point Paul trap with inner and outer raciindb,

9(b% — a3)2(b% +a3)6
fla,b) = g(g 1 )g 2 é)r' (5)
bsas(bs +b3a3 —|—a3)0

Substituting the linear approximation into the EOM, we find:
Mz = —Bz2 — QVie f(z — 20) cos(Qt) — QFEsiray - (6)

We then “recenter” the coordinate t the rf nogleand introduce the standard (Math-
ieu) change of variables = Qt/2, yielding:

MQ? dz  pQ dz

T4 42 9 dr QVief - zcos(t) — QEggray- (7)

2\ —1
Multiplying through by(@) , we then find:

d? 2 d 4QV; 4
dT'Z - _ (]\ﬁ)) : ﬁ — ( ]€[Qf2f> cos(Qt) - z — (]\4@92> Estray - 8)




The result is a normalized equation of motion whose unitglarse ofz, as shown
below: 2 i
d—z + b— +2qcos(27) -z =¢ 9)

where we define the following nondlmen5|onal parameters:
o g = 22%4/: Standard definition of the Mathieu g-parameter

e b= m - : Nondimensional damping parameter

o c=—132, . Fyay: Nondimensional stray charge



