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Theoretical study of slowing supersonic CH3F molecular
beams using electrostatic Stark decelerator∗
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We have calculated the Stark effect of CH3F molecules in external electrical fields, the rotational population of

supersonic CH3F molecules in different quantum states, and analyse the motion of weak-field-seeking CH3F molecules

in a state |J = 1, KM = −1〉 inside the electrical field of a Stark decelerator by using a simple analytical model. Three-

dimensional Monte Carlo simulation is performed to simulate the dynamical slowing process of molecules through the

decelerator, and the results are compared with those obtained from the analytical model, including the phase stability,

slowing efficiency as well as the translational temperature of the slowed molecular packet. Our study shows that with

a modest dipole moment (∼1.85 Debye) and a relatively slight molecular weight (∼34.03), CH3F molecules in a state

|J = 1, KM = −1〉 are a good candidate for slowing with electrostatic field. With high voltages of ±10 kV applied on

the decelerator, molecules of 370m/s can be brought to a standstill within 200 slowing stages.
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1. Introduction

Manipulation and control of polar molecules
based on the interaction of their electrical dipole
moment with an electrical field (so-called Stark ef-
fect) has been an interesting subject in atomic and
molecular physics.[1−7] Some polar molecules, such
as CO,[8] ND3,[9] OH,[10] YbF,[11] H2CO,[12] SO2

[13]

and NH,[14] have so far been successfully slowed us-
ing the so-called Stark decelerator, and its success has
opened a new way to obtain cold molecules, which
can be widely applied in the study of cold molecular
spectroscopy,[15] measurement of fundamental physi-
cal constants,[16] study of cold molecular collision[17]

and quantum computation based on electric dipole–
dipole interactions,[18] and molecule scattering[19] and
cold molecular chemistry, and so on. Therefore, it
would be interesting and worthwhile to find some
other new molecular species and demonstrate their
possibility for Stark deceleration, even to study their
dynamic behaviour inside the Stark decelerator, which
can provide some theoretical basis for designing a de-
sirable Stark decelerator.

In this paper, we propose a new molecular species

(CH3F) for slowing with time-varying electric field,
the so-called Stark decelerator, and study the deceler-
ation of a supersonic CH3F molecular beam by Monte
Carlo simulation. In Section 2, we calculate the stark
shift of CH3F molecules in external electrical fields
and the rotational population of a supersonic CH3F
beam in different quantum states. In Section 3, we
analyse the motion of weak-field-seeking molecules of
state |J = 1, KM = −1〉 inside the electrical field of
a decelerator by using a simple analytical model. In
Section 4, we carry out three-dimensional (3D) Monte
Carlo simulation of slowing CH3F molecules in state
|J = 1, KM = −1〉 with a decelerator of 150 electri-
cal stages. Results from both theoretical model and
3D simulation are presented, including the phase sta-
bility, slowing efficiency as well as the translational
temperature of the slowed molecular packet.

2. Stark shift of CH3F and its ro-

tational populations

As a symmetric-top molecule, CH3F has a per-
manent dipole moment µ of 1.85 Debye along the
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C–F bond of the molecular symmetry axis with its
rotational constants A = 154.000GHz, B = C =
25.536GHz.[20] Since we are only interested in the
Stark shifts of the energy levels in an external elec-
trical field, a rigid symmetric rotor can be regarded as
a good approximation. The Stark interacting Hamil-
tonian operator can be expressed as

HE = −µ ·E = µE ΦZz, (1)

where E is the electric distribution, and ΦZz is the
direction cosine of the molecular symmetry axis with
respect to the direction of the external field. Accord-
ing to the first-order perturbation theory, the first-
order Stark energy, which is the average of HE over
the unperturbed rotational states, is given by[21]

W (1) = − µEKM

J(J + 1)
, (2)

where J represents the total angular momentum num-
ber, K and M are the projections of J on the molec-
ular symmetry axis and the external field, respec-
tively. The second-order term of the Stark perturba-
tion, which reflects the influences from neighbouring
quantum states, can be expressed as[21]

W (2) =
µ2E2

2hB

{
(J2 −K2)(J2 −M2)
J3(2J − 1)(2J + 1)

−
[
(J + 1)2 −K2

] [
(J + 1)2 −M2

]

(J + 1)3(2J + 1)(2J + 3)

}
,(3)

where h is the Plank constant, and B is the rotational
constant.

From Eqs.(2) and (3), we calculate the Stark
shifts of the lowest rotational quantum states of CH3F
molecule in the external electric field E, and the re-
sults are depicted in Fig.1.

Fig.1. Stark shifts of the rotational energy levels of ground-

state CH3F molecules in an external electrical field E.

Since the first-order Stark shift W (1) is propor-
tional to KM , and the second-order Stark shift W (2)

is a function of both K2 and M2, so there is a degen-
eracy over KM for K 6= 0. For instance, the quan-
tum states |J = 1, K = −1, M = 1〉 and |J = 1,
K = 1, M = −1〉 are degenerate and are designated
as |J = 1, KM = −1〉. Fortunately, for Stark decel-
eration of polar molecules, it is the Stark energy (or
shift) not the absolute energy of the quantum state
that really counts, so the above approximation is to-
tally reasonable. For quantum states with K = 0,
the first-order Stark shift is zero, and molecules will
experience a quadratic Stark shift due to the second-
order Stark effect, which decreases with the increase
of J and is negligible for states with J > 1. For states
with K > 1 they are rarely populated in a supersonic
CH3F beam with a low rotational temperature, which
will be discussed below.

Under the conditions of thermal equilibrium the
relative population of the different quantum states is
given by Boltzmann distribution law and the degen-
eracy of the different states. For a supersonic molec-
ular beam with a translational temperature of a few
Kelvin, almost all molecules are populated in the vi-
brational and electronic ground state, and we only
need to consider its rotational populations. We con-
sider a supersonic CH3F beam seeded in a Xe carrier
gas with a rotational temperature of ∼5K, and calcu-
late the relative populations of the lowest weak-field-
seeking rotational states |J,K, M〉, and the results, in-
cluding the Stark shift W at E = 90 kV/cm and their
zero-field energy, are shown in Table 1. The different
|M | states with the same J and K quantum numbers
are assumed to be equally populated in building Table
1. For quantum states with K > 1, they contribute
little to the total molecular population. For example,
the relative population of the |22− 2〉 state

Table 1. The relative populations of some lowest weak-

field-seeking rotational states |J , K, M〉 of CH3F

molecules, including their zero-field energy and the Stark

shift W at E = 90 kV/cm.

state contribution/% Erot/cm−1 W/cm−1

1 0 0 12.5 1.70 0.92

2 0 0 3.1 5.11 0.22

1 1 −1 4.3 5.98 1.05

2 1 −1 1.0 9.39 0.50

2 1 −2 1.0 9.39 0.74

3 0 0 0.37 10.21 0.10

2 2 −2 0.005 22.24 1.74
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is less than 0.005. It is clear from Table 1 that the
quantum states with a higher population and a larger
Stark shift are only |J = 1, K = 0, M = 0〉 and |J = 1,
KM = −1〉. However, we can see from Fig.1 that the
|J = 1, K = 0, M = 0〉 state has no first-order (i.e.,
linear) Stark effect, so we only focus our interest on
the weak-field-seeking state of |J = 1, KM = −1〉
(marked with a square in Fig.1), which shows a rela-
tively large linear Stark shift.

3. Motion of CH3F molecules in-

side a decelerator

Schematic diagram of the whole electrostatic
slowing system used in our discussion is shown in
Fig.2. A skimmed CH3F molecular beam first fly into
a 50-mm-long hexapole, then enter into the 750-mm-
long Stark decelerator. Molecules are counted at the

Fig.2. Schematic diagram of the whole electrostatic slowing system used in our discussion.

end of the decelerator. The hexapole, acting as a
molecular lens, is composed of six 3-mm-diameter elec-
trodes and applied a high voltage of ±8.0 kV. The de-
celerator, similar to those used by other groups,[1,3]

is composed of 150 deceleration stages, and each
stage consists of two 3-mm-diameter electrodes with
a centre-to-centre distance of 5 mm, leaving a 2 mm
opening for the propagation of the slowed molecular
beam in the Z direction. Neighbouring deceleration
stages are positioned alternately in X and Y direc-
tions and spaced with a centre-to-centre distance L of
5mm.

For the sake of our convenient discussion, we will
briefly summarize the working principle of a Stark de-
celerator as follows: when a polar molecule in a weak-
field-seeking state moves in an increasing axial electric
field generated by each deceleration stage, it experi-
ences a positive and increased Stark potential. This
increase in potential energy is compensated by its loss
of kinetic energy. When the molecule arrives at some
point in the axial electric field, the deceleration volt-
ages are abruptly switched off, the potential energy
of the molecule will be reduced almost to zero, and
the molecule cannot regain its lost kinetic energy, so
it will be slowed. When this deceleration process is
repeated multi-times, the velocity of the molecule can
be slowed even to zero.

To describe the longitudinal position of moving
CH3F molecules in the decelerating electric field a
phase angle φ can be introduced, which is defined as

φ = zπ/L, where L is the distance between the two
adjacent decelerating stages, and z is the longitudi-
nal position of the moving molecule in the Stark de-
celerator. Each decelerating stage is composed of a
pair of electrodes. When the electric fields are being
switched, a molecule at the midpoint of two adjacent
stages is assigned a value of φ = 0◦, and molecules
just in between the two electrodes of a pair, where the
maximum electrical fields appear in the longitudinal
direction, are assigned a value of φ = 90◦. Molecules
that travel the same distance L between two adja-
cent electrical field switches lose the same amount of
kinetic energy and are called synchronous molecules.
Their phase and velocity are denoted as the equilib-
rium phase angle φ0 and the equilibrium velocity v0,
respectively.

The lost kinetic energy of the synchronous
molecules per stage can be well approximated by a
Fourier series truncated at the second term[22]

∆K(φ0) = A1 sin(φ0) + A3 sin(3φ0). (4)

The equation governing the motion of the nonsyn-
chronous molecules relative to that of the synchronous
molecules is given by

d2∆φ

dt2
+

π

mL2
{A1 [sin(φ)− sin(φ0)]

+A3 [sin(3φ)− sin(3φ0)]} = 0, (5)

where ∆φ = φ − φ0 is the instantaneous difference
in phase of a nonsynchronous molecule relative to the
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motion of a synchronous molecule, and m is the mass
of the molecule. For CH3F molecules in the |J = 1,
KM = −1〉 state, we have A1 = 1.020 cm−1，and
A3 = −0.028 cm−1 when high voltages of ±10 kV
are applied on the electrodes of the Stark decelera-
tor. During our following discussion, the applied high
voltages of ±10 kV on the electrodes remain without
specification, and the term containing coefficient A3

in Eq.(5) is neglected for simplicity.
When the equilibrium phase angle φ0 falls within

the range of 0◦ and 90◦, there exists a stable area in
the phase space.[22,23] Molecules inside this “packet”
will oscillate around the synchronous molecule and
keep their original phase density during the process
of slowing; while molecules outside this “packet” will
not follow the synchronous molecule stably and spread
randomly during the slowing process. Obviously, the
upper limit of the phase angle corresponding to the
phase stable area, denoted as φ+

max(φ0), is π− φ0. By
the time of integration of Eq.(5) and using the bound-
ary condition φ̇ = 0

∣∣∣φ=φ+
max

, we obtain

φ̇2 = 2a1(cos φ + cos φ0 + (φ + φ0 − π) sin φ0), (6)

where a1 =
π

mL2
A1. By solving the transcenden-

tal equation φ̇ = 0, we can obtain the lower limit
φ−max(φ0) of the phase stable area. Figure 3 shows
the dependence of φ+

max and φ−max on the equilibrium
phase angle φ0 for CH3F molecules in the |J = 1,
KM = −1〉 state. When φ0 = 60◦, we have φ+

max =
120◦ and φ−max ≈ 29◦.

Fig.3. The dependence of the upper and lower limits

(φ+
max and φ−max) of the phase angle inside the phase sta-

ble zone on the synchronous phase angle φ0 for CH3F

molecules in the |J = 1, KM = −1〉 state.

The maximum velocity deviation of the non-
synchronous molecules inside the phase stable area
relative to the synchronous molecule, ∆vmax(φ0) =

|v − v0|, can be obtained from Eq.(6) at the position
φ = φ0, and is give by

∆vmax(φ0) = 2

√
A1

mπ

(
cos φ0 −

(
φ0 − π

2
sinφ0

))
.

(7)
Figure 4 shows ∆vmax as a function of φ0 for

CH3F molecules in the |J = 1, KM = −1〉 state.
When φ0 changes from 0◦ to 90◦, ∆vmax decreases
from 21.5m/s to 0. Now, we have enough informa-
tion to show the phase stable area of CH3F molecules
concerned. Figure 5 shows the separatrix of the
phase stable area of CH3F molecules in state |J = 1,
KM = −1〉 in the decelerator with φ0 taking values
of 0◦, 15◦, 30◦, 45◦, 60◦ and 75◦, respectively. It is
clear from Fig.5 that with the increase of φ0, the phase
stable area inside the separatrix reduces rapidly. This
shows that fewer molecules can be obtained inside the
slowed molecular ‘packet’ with the increase of φ0.

Fig.4. The dependence of the maximum velocity devia-

tion ∆vmax(φ0) = |v − v0| of molecules inside the phase

stable zone relative to the synchronous molecule on the

synchronous phase angle φ0.

Fig.5. Separatrix of phase stable zone for CH3F molecules

in state |J = 1, KM = −1〉 with φ0 = 0◦, 15◦, 30◦, 45◦,
60◦ and 75◦, respectively.

The transverse motion of the molecules inside the
decelerator is rather complicated. For the sake of
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simplicity, we assume that the molecules move in a
quadratic transverse potential well. In this case, we
can introduce an average force F̄x(φ) (or F̄y(φ) on
the molecules in the longitudinal phase stable area,
and assume F̄x(φ) = −K̄x(φ)x (or F̄y(φ) = −K̇y(φ)y)
near the molecular beam axis. Since the molecules are
focused only in one direction for each slowing stage,
K̄x (or K̄y) has to be averaged over a distance of 2L[22]

K̄x,y(φ) =
1

2L

∫ (φ+2π)L/π

φL/π

Kx,y(z)dz. (8)

From Eq.(8), we numerically calculate the trans-
verse force constant for CH3F molecules in the |J = 1,
KM = −1〉 state inside the Stark decelerator, and the
corresponding result is shown by the solid line in Fig.6.
The dotted line represents the maximum depth of the
transverse potential well, i.e., the well depth at the
transverse position 1mm away from the beam axis.
When φ = 60◦, the maximum depth is ∼0.015 cm−1.
This shows that the molecules with a transverse ve-
locity of lower than ∼3.2m/s can be trapped during
the whole deceleration process.

Fig.6. The average transverse force constant inside the de-

celerator as a function of phase angle φ for CH3F molecules

in state |J = 1, KM = −1〉 (solid line). The dotted line

represents the maximum depth of the transverse potential

well.

4. Monte Carlo simulation and

results

To demonstrate the possibility of Stark decelera-
tion for the CH3F molecules, we perform Monte Carlo
simulation for its dynamic slowing process. In our
simulation, the decelerated CH3F beam in the |J = 1,
KM = −1〉 state has a FWHM (full width at half
maximum) of 80 m/s centred at 370 m/s, which is ob-
tainable by supersonically expanding binary mixture
of CH3F and Xe at room temperature. The physics

under our simulation is simple and classical: Due to
Stark effect, moving molecules in electrostatic fields
experience a dipole gradient force. All molecules are
taken as particles which observe Newton’s dynamics.
Based on our numerically solved electric fields inside
both the hexapole and the Stark decelerator, a time
sequence is first obtained by letting a synchronous
molecule of a certain initial speed pass through the
whole electrostatic slowing system (from the skimmer
to the end of the decelerator, as shown in Fig.2) at a
selected phase angle φ0. Then, by the same time se-
quence molecules different in velocities and positions
in three dimensions (x, y, and z) fly through the whole
slowing system, and are recorded with their time of
arrival at the exit of the decelerator.

Firstly, we simulate the time of flight (TOF)
signals of the CH3F molecules arriving at the end
of the decelerator of 150 stages for the phase angle
φ0 = 0◦, 15◦, 30◦, 45◦, 60◦ and 75◦. The correspond-
ing results are shown in Fig.7, from which we can find
that with the increase of the phase angle φ0, more ki-
netic energy is extracted from the slowed molecules,
and a molecular packet coming out with a lower ve-
locity is obtained from the decelerator. For instance,
when φ0 = 60◦ CH3F molecules with an initial veloc-
ity of 370 m/s can be slowed to 214m/s after passing
off 150 stages.

Fig.7. Simulated time of flight (TOF) signals of CH3F

molecules in state | J = 1, KM = −1〉 at the outlet of the

decelerator for various synchronous phase angle φ0.

Secondly, we study the dependence of the lost ki-
netic energy after each stage on the phase angle φ0,
and the result obtained is shown in Fig.8, where the
solid squares are results from 3D Monte Carlo simula-
tion, and the solid line is theoretically calculated result
from Eq.(4). It can be seen from Fig.8 that with the
increase of the phase angle, the lost kinetic energy per
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stage will be first increased almost linearly and then
approach gradually to a saturated value. For φ0 = 0◦,
15◦, 30◦, 45◦, 60◦, 75◦ and 90◦, the lost kinetic en-
ergy ∆K per stage from 3D Monte Carlo simula-
tion are 0 cm−1, 0.240 cm−1, 0.474 cm−1, 0.686 cm−1,
0.860 cm−1, 0.976 cm−1 and 1.017 cm−1 with their
theoretical counterparts being 0 cm−1, 0.240 cm−1,
0.475 cm−1, 0.686 cm−1, 0.861 cm−1, 0.980 cm−1 and
1.020 cm−1. As we can see, simulated results are in
good agreement with the theoretically predicted ones.
For a fixed phase angle φ0, the final speed of the
slowed molecular packet depends on the number of
the decelerating stages used. To bring the molecules
with an initial kinetic energy EK0 to a standstill, the
number of the decelerating stages needed is given by
N = EK0/∆K(φ0). For example, when φ0 = 75◦,
to bring CH3F molecules with an initial velocity of
370m/s (EK0 ∼196 cm−1) to a standstill, the number
of decelerating stages required is about 200.

Fig.8. Kinetic energy loss per stage ∆K as a function

of the synchronous phase angle φ0. The solid line is the

theoretically calculated result from Eq.(4), and the solid

squares are the results from 3D Monte Carlo simulation

for φ0 = 0◦, 15◦, 30◦, 45◦, 60◦, 75◦ and 90◦.

To verify this, we study the dependence of the
final velocity of the slowed molecular packet on the
number of the decelerating stages, and the results are
shown in Fig.9. We can see from Fig.9 that when the
number of the decelerating stages is increased from 0
to 200, the mean velocity of the molecular packet is
slowed from 370m/s to zero.

Afterwards, we come to study the phase space
distribution of the slowed CH3F molecular packet ex-
iting the decelerator. In Fig.10 the initial phase space
distribution of CH3F molecules entering the decelera-
tor during our simulation is shown in grey dots. The
molecular beam has a FWHM of 80m/s in the longitu-
dinal speed and a FWHM of 20 mm in the longitudinal

Fig.9. Final speed of the slowed molecular packet as a

function of the slowing stage number n with slowing time

sequence designed for initial molecular velocity of 370m/s

(EK0 ∼196 cm−1) and φ0 = 75◦.

space, as shown in Fig.10 by dotted lines. The solid
lines correspond to separatrix of the phase stable zones
derived from Eq.(6) for φ0 = 0◦, 30◦ and 60◦. The
phase space distribution of the slowed CH3F molecu-
lar packet after 150 slowing stages from 3D simulation
is analysed. Shown in Fig.11 in grey dots are phase
space distributions of the slowed molecular packets for
φ0 = 45◦, 60◦ and 75◦. For comparison, the separa-
trixes of their corresponding phase stable zones ob-
tained from Eq.(6) are shown in solid lines as well.
Below the phase stable diagrams are the TOF signals
of the slowed molecular packets arriving at the end of
the decelerator. Similar results are obtained for other
values of φ0 and omitted here to avoid redundancy.
As we can see, with the increase of phase angle φ0, a
slowed molecular packet arrives at the end of the de-
celerator at a later time due to its lower velocity, but
the number of molecules inside the slowed packet de-
creases dramatically due to the reduction of the phase
stable zone.

Fig.10. Initial phase space of CH3F molecules entering

the decelerator. The molecular beam has a longitudinal

velocity FWHM of 80m/s and a FWHM of 20mm in the

longitudinal space, as shown by the dotted lines.
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Fig.11. Phase space distribution of CH3F molecules inside

the slowed packet after 150 slowing stages for φ0 = 45◦,
60◦ and 75◦, together with the separatrix of the phase

stable zone obtained from Eq.(6). Below the phase sta-

ble diagrams are the TOF signals of the slowed molecular

packets arriving at the end of the decelerator.

Finally, we study the dependences of the slow-
ing efficiency and the translational temperature of the
slowed molecular packet on the phase angle φ0. The
slowing efficiency η of the decelerator is defined as
the ratio of the number of molecules in the slowed
molecular packet output from the decelerator to that
of molecules entering the decelerator. Provided that
molecules occupy the whole phase stable zone and fill
it uniformly when being loaded into the decelerator (as
shown in Fig.10), we can roughly estimate the slowing
efficiency by calculating the area of the phase stable
zone for a selected phase angle φ0. For simplicity,
we ignore any difference in transverse confinement of
molecules for different phase angles. Corresponding
results are shown in blank squares in Fig.12 for var-
ious phase angles with solid squares representing re-
sults from 3D Monte Carlo simulations. All results in
Fig.12 are normalized to that of φ0 = 0◦. For φ0 = 0◦,
15◦, 30◦, 45◦, 60◦, 75◦ and 90◦, slowing efficiencies
from 3D Monte Carlo simulation are ∼100%, ∼65%,
∼40%, ∼22%, ∼10%, ∼3% and ∼1% with their coun-
terparts from a rough estimation based on the cal-
culated area of the phase stable zone being ∼100%,
∼58%, ∼33%, ∼17%, ∼6%, ∼1% and 0, respectively.
As we can see, results from Monte Carlo simulation are
slightly larger than those from the rough estimation
above. Particularly, for φ0 = 90◦, the result from the
analytical model indicates that the area of the phase
stable zone should be zero, which means no phase sta-
ble area exists, but we do find a very small slowed
molecular packet during our 3D simulation. In fact,
with the increase of phase angle the transverse

Fig.12. Slowing efficiency η of CH3F molecules as a func-

tion of the synchronous phase angle φ0. The solid squares

represent results from 3D simulations while the blank

squares represent results from a rough estimation based

on the calculated area of the phase stable zone. The solid

lines are just for eye-guiding.

confinement of molecules in the decelerator gets in-
creasingly strong, as can be found in Fig.6, which is we
believe partly responsible for the difference between
the slowing efficiencies obtained from the above two
methods. The translational temperature of the slowed
molecular packet exiting the decelerator is also anal-
ysed. For instance, when φ0 = 60◦, simulation result
indicates that the mean longitudinal velocity of the
slowed molecular packet is ∼214m/s with a FWHM
of ∼5.6m/s, corresponding to a translational temper-
ature of ∼60mK, while the calculated translational
temperature from Eq.(7) is ∼50mK. Temperatures of
slowed molecular packets for other phase angles are
studied similarly and corresponding results are shown
in Fig.13 with solid squares and blank squares repre-
senting the results from 3D simulation and calculation
based on Eq.(7), respectively. For φ0 = 0◦, 15◦, 30◦,

Fig.13. Translational temperature of the slowed molec-

ular packet as a function of phase angle φ0. The solid

squares represent results from 3D simulations and the

blank squares are results obtained from Eq.(7).
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45◦, 60◦ and 75◦, translational temperatures of slowed
molecular packets from 3D Monte Carlo simulation
are ∼947, ∼628, ∼374, ∼166, ∼60, and ∼10mK with
their theoretical counterparts from Eq.(7) being ∼943,
∼590, ∼320, ∼143, ∼50, and ∼6mK respectively. As
we can see, with the increase of the phase angle φ0,
the translational temperature of the slowed molecular
packet will be lowered, and the simulated results are
consistent with the calculated ones in spite of their
discrepancies in absolute values.

5. Conclusion

We have calculated the stark potential of CH3F
molecules in external electrical fields and the rota-
tional population of different quantum states in a su-
personic CH3F beams, and studied the dynamic mo-
tion of the CH3F molecules in the weak-field-seeking
|J = 1, KM = −1〉 state inside the electrostatic
field of a Stark decelerator by using both a theoretical
model and the three-dimensional Monte Carlo simu-
lation. Our study shows that the CH3F molecules in
the |J = 1, KM = −1〉 state can be efficiently slowed
to a very low even zero velocity. With a high voltage
of ±10 kV applied on the decelerator electrodes and a
reasonable phase angle φ = 75◦, the kinetic energy loss

per stage is as large as ∼0.98 cm−1, and the molecules
with a velocity of ∼370m/s can be slowed down to
a standstill within 200 decelerating stages. We have
also analysed the phase stability of CH3F molecules
in the |J = 1, KM = −1〉 state, the corresponding
slowing efficiency, and the translational temperature
of the slowed molecular packet.

In principle, the stronger the used electrostatic
field is, the greater the Stark shift of CH3F molecules
will be, and then the better the Stark deceleration
effect is. Unfortunately, with the increase of the elec-
tric field the Stark shifted energy level of the |J =
1, KM = −1〉 state will cross those of neighbour-
ing rotational states, which may exhibit a negative
Stark shift (see Fig.1), even result in a nonadiabatic
transition between them[24] and a loss of the CH3F
molecules concerned. During our simulation, however,
the CH3F molecules never experience an electrostatic
field greater than 120kV/cm, so the above problem
cannot occur.
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