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Fig. 1. The Stark shift of NH3 in the|J =1, K =1)
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Fig. 2. Configuration of Stark deceleration system, including the generation of subsonic molecular

beams, hexapole, decelerator and its detecting system.
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Fig. 3. (color online) Scheme of Stark decelerator,
together with the Stark energy W(Z) of a molecular
in low-field-seeking states as a function of position Z

along the molecular beam axis.
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Fig. 4. (color online) The longitudinal phase stable

separatrix for different phaseangles. AV is the rel-

ative longitudinal velocity of molecules. Some other

parameters are given in the text.
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Fig. 5. (color online) Simulated time-of-flight signal
profiles for different synchronous phase angles. The
number of decelerating stages is 180, and the voltages
applied to the electrodes are +13 kV. Some other pa-

rameters in our simulation are given in the text.
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Fig. 6. (a) Kinetic energy loss per stageAE}for NH3 as a function of the synchronous phase angle; (b) the
dependence of the final central velocity of the slowed packets on the synchronous phase angle. The black

squares are the calculated result, and the red lines are fitting cures. The parameters in our calculation are
given in the text.
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Fig. 7. (color online) (a) The dependence of the final central velocity of the slowed packets on the decelerating
voltage for ¢o = 25°; (b) the relative slowing efficiency as a function of the synchronous phase angle for different
decelerating voltages. The black squares, red dots, blue triangle and pink inverted triangle are the calculated results,

and the red lines are the fitting cures. Some other parameters in our calculation are given in the text.
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Fig. 8. (color online) Simulated time-of-flight signal
profiles for different synchronous phase angles. The
voltages applied to the electrodes are +6.5 kV, and the
incident molecular beam is first bunched (¢o = 0°) by
using 15 stages and then slowed down to desired ve-
locity at high synchronous phase angle by using 165
stages. Some other parameters in our calculation are

given in the text.
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The red curve is the Gaussian fitting curve. The ve-
locity spread of AV, = 2.1 m/s is given in the picture.
Some other parameters in our calculation are given in
the text.

El10(a) &5 T o = 65.4° 1, Jak i 8% K i
1 1 NH; 43 F 76 A 170 b 25 [0 B 0 A 15 . A
K110 (a) FIE i AHZS VR X3R5 F 2 A B e
B, A XA T AR EON AR, AE A A H B
T—MNLVTFEA ST HARRER R 2 3 e ik
“OEIR” 2 NH; 70 7R 5 g sh i & B 330
(. S AH 25 8] X380 A 23 (R 9 ) B (V) 43 AT
B 10 (b) ATor. B 10 (b) H B EIE T T NG 5,
FH v e o0t g AT 0 (B e i R B o), (8
EEGEI AR A I sl IS A B/ N E B
FER AT 58 AV, HAEW N 2.1 m/s, 5K 9 fr
RN EE R e 4 — 2

G, B T im0, s s
+6.5 KV B, 43k AR B 5 [R5 AR AL AR 1 40t
KA. EIrh BN T OB SR, 200 i 2o
HaR. B RIR: MFEDE A /N T 400 B, B
A AR A B EE R, 707 B AR L T B 5 AN ]
s T 24 A AR KT 400 B, BE A [F D ML AR
{0 NS B R V7 S 957 ST S

173701-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 2 )  Acta Phys. Sin. Vol. 64, No. 17 (2015) 173701
(a) ()
32 - ¢o = 65.4° 210 L] ¢ = 65.4°
2r 140 F
n m
£ i
§ K
16
70
AVz;=2.1m/s
°r . .
0 -
— AR
L L L L L L L L L
1.130 1.131 1.132 18 21 24
Z/m Vz/(m/s)
10 (a) ¢o = 65.4° W, JRH A% AR HH 1) NHg 23 F MR 28 [0 1 0 AR B0 (b) AHZS 8] FR O X35 4
F I3 A

Fig. 10. The longitudinal phase space distribution of NH3z molecules for ¢9 = 65.4° at the exit

of the Stark decelerator is given in figure (a).

longitudinal phase stable area.

300 | = HidE
WA
T, 200 -
g
Sé
100 |
O 1 1 1 "
0 30 60
@o(°)
11 HE RN 6.5 kV I, 0TI B R EE Vana

SRS HAL AR R

Fig. 11. The dependence of the final velocity of the
slowed packets on the synchronous phase angle. The
voltages applied to the electrodes are +6.5 kV. Some
other parameters in our calculation are given in the
text.
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Abstract

In this paper, we investigate theoretically the Stark deceleration and cooling of subsonic NHs molecular beams
based on our second-generation electrostatic Stark decelerator with 180 stages. Firstly, we calculate the Stark shifts of
NHj3 molecules in the |J = 1, K = 1)states and show the stable area of longitudinal phase space for different synchronous
phase angles. Secondly, we study the slowing performance of NH3 molecular beams in the traditional mode, and discuss
the relationships between various parameters (such as the kinetic energy loss per stage, final velocity and the slowing
efficiency) and the synchronous phase angle ¢o, as well as the dependence of final velocity on the applied voltages. It
is found that a subsonic NH3 molecular beam can be decelerated from 280 to 6.7 m/s at ¢9 = 26.08° when the high
voltages applied on the electrodes are +13 kV, corresponding to a removal of 99.9% kinetic energy. The translational
temperature of the molecular packets in the moving frame is significantly reduced from 1.34 K to 80 mK. Finally, we
study the slowing performance of NHs molecules and the dependence of final velocity on the synchronous phase angle in
an alternate operation mode. In this mode, a synchronous phase angle ¢y = 0° is chosen to bunch the molecules by using
the first 15 stages. The remaining 165 stages are then used to slow a subsonic molecular beam at a certain synchronous
phase angle. Our result shows that a molecular beam with a mean velocity of 280 m/s can be decelerated to 20.7 m/s
at ¢o = 65.4° when the voltages applied are +6.5 kV, indicating a 99.4% kinetic energy removal, and the translational
temperature of the molecular packets can be reduced from 1.34 K to 1.6 mK. By comparing the results obtained from
the two operational modes, the temperature of the slowed molecular packet in the alternate mode is 50 times lower than
that in the traditional mode. It is shown that our second-generation 180-stage Stark decelerator can effectively produce
slow and cold molecules with relatively small electric dipole moment like NHs. These monochromatic NH3 molecular
beams offer a promising starting point for high resolution spectroscopy, precision measurement, cold collisions and cold

chemistry. This theoretical work provides a reliable basis in our further experimental research.

Keywords: cold molecules, Stark deceleration, NHz molecules
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