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Fig. 1. Schematic diagram of the chip-based electro-

static microtrap.
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Fig. 2. (a) Electric field distribution of the electrostatic microtrap in the z-z plane; electric field distribution

along the lines through the minima of the potential well in = (b), y (c) and z (c) directions.

113701-2


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 113701

250 HL R N A 3 ) FELU B SR T A 2 T Ak
—ANE PR =4EF R, R B BB LB AN
. A% AT A AR B, BRI A S B
F SIMION 75 FR G ¢ 29 AT V15, B F 24
a=>5uyum, by =5 pm, by = 10 pm, ¢; = 5 um,
¢z = 10 ym, g = 10 pm, dy = 40 um, dz = 30 pm,
|UL| = 150 V, |Us| = 30 V. 15 3| 3% 5 Af 4
2 B2 (a) Row o-2 “F1H N LI 55 = 42 0
A, B EIRT LA AR 2P N AT A 4
FE, FHBPE OISR S EL N 11 ym, y-z
T B L A 2R AL Al (R oK) B2 (b)—(d)
gy BB LT 2, y, 2 AT R
oA (E NI 5REE). Mk a] WL, 768 5 i ]
AT Be— A H T IN2E 55 538 587 7 1 =455
A, I H BB ORI REANE, WA 08 R
S FIRARAHGRIT. X BB FE (low-
field-seeking states) 73 FR & TE g T H
Wik 5577 M8 s 7 1, [z, o3 7 AL T a4
F% (high-field-seeking states). T [HI# B ARG 5T
T R T 2 O R A A B O HL I R RN B
SR L R R i

3 B EYER

AR SCHE 11 Toffe 21U 2 THI i B B 35 B 00 HEL 3
SRFEANE, FHH I R/INAT Lo i 1 1 H R B AR
T SRR, ORISR A E AR
KU B3 (a) TLAE R, MW )2 X A E
JE |Us| 15 VIEINE] 60 VI, 34 B A0y B350 E
M4.2 KV /em J/NE] 2.6 KV /cm, B S22k 2
LA, VLA B ORI E KNS U 2
R, BB R IR R N AR B B by TR
FrHA S HOA R, AR N 2 AR T8 FE by 75 0]
U A O HL SR FE B /. BB 3 (b) I RLE
F, M |Us| = 30 VIS, by 5.0 pm HEHNE] 15.0 pm,
SR A O FEL I 5 AR Y B 0.15 KV /em 325 38 i 2]
5.1 kV/em, B 3Hsee 2 IR AR, W
S TR B M0 AR EL TR (U | T8 BE bg, 34 B AR 40 L 37 58
JE W] DAYE B8 RS Bl AR 4. flln: 24 by = 15 um,
Us| = 15V, kO H7 385 5.5 kV /em.

T3 A1 BB A0 BEES ST ) v BE AR R i
T |Us| 04T 202, A A AT LAE 2, MK | Uy
15 VIEINE 60 VI, FBm N 6.0 pm B4
#17.0 pm.

4.5

E/kV-cm~!

10 20 30 40 50 60
|Us|/V

(b)

|Us| =30 V

4 I8 1I2 16
by/pm

K3 ORI RE SR |Us| (a) FIRLRSEEE be (b)

SIES

Fig. 3. Electric field strength at the center of the poten-

tial well as a function of |Uz| (a) and b2 (b).
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Fig. 5. Stark effect of ND3 molecule.

4.2 Monte Carlo &#)

N T AR A SCHR R 2 TR B ) AT AT, R
F Monte Carlo B4 1H5H T 7> T RIS N
AR VLT |, KM) = |1, —1) 2 ND3 {F
NISAE ST T, %70 T AT DL L Stark J80E
D7 I 7 R kA5 B0 I Stark Yok I #8 A it 3K
1378 23 T FE S 2 B A R B ARl S
I3 5 R AR B A TR R E 73 A5 Y0 0N e e A, e
THRAE z, y, z =AJ7 18] b 28 0] 558 5 1 70 A7 58 5
44 [50 pm x 3.0 m/s] x [50 pm X 3.0 m/s]
X [200 pm x4.0 m/s], HAb oA v BEFR 2 2 =
4% (FWHM). J5 1 A4 0 25 18] 05 rh 0 4y
Ny =0,v,=0,2=0,v, =0, 2=1.0 mm,
v, = 10 m/s. 73T REIHIEE 774 H J9 500 J54
JEIE R Uy = 150 V, Uy = 30 V. 7ERHH,
5 S NDg 701158 B 48 2% LGRS 3%

TH] FA 8 S 2 AT, IX % T B R S AR
VA HVE AR AT DL b s g5 Ok 2] R4 RaE
I I A F IR M B, X 2 BT AR S
BfFrpC RS SR PE AN N, W] AAT ROBE i AR k. 4y
TR E (1) 308 (2) A5 2. 8K i
{1 BSF P 2 o) SR 45 42 it 0 78 HL B RR AR B ¥ L, T
DKL V8 43 7 B i B A ) v o0 i P o 3 R JE
N AR S b O B, R S B R
T 1.0 mm &b TF4, 45T FE I 2 Fads Ry T, an
B6 () Fian. 437 RAT 10 F 3% 1 B i 2 sz
B B B FELI g, BRI R o 1 0 3 R 3 D B
i, FE A RMZ24 um (F6 (a) A A5 ) Hh T 58
SRCHHLI, b FESEAB VITE B &, AR5
TP,  THGSBZ RIS ), TR
O FEE— PR B F (B 6 (a) O ). BEADT
WeINZEZE S BE . 18] 6 (b) 9 Monte Carlo fi4ilit
HASB AR A B R NDs 2 T80 ER n 549 7
Gh1a) L FE I R EOC R, B R BUE 9 A
L HL PR, B0 i AL S 4 T SR Ul B 4
B B HER s SO L B A AR 1 4 T A
S¥ia sz . NG A5 RE, 5T
(10 285 2R ORI T NG 1 R ) R B, A
B N AR — N AR, 74k, WEG6 (b)
= HHE T DU A BOCR BE o R 1 T T g
w6 (c) NArTAE 2 75 R AR 25 18] 43 A . BB AL
25 JLRT LA B9 N 25 0 TR R I RS, X LR B T
e LA (3/2)ksT = (1/2)kpTh, + kT 7
Y (kg NBEIR 28285, T A T 0 3R 5 F
b 0 G 1) FOORE [ 3 BE), 3 5 R & 7 1) B
WEH T,y = mAvZ, /802 kg P45 H (m
TR, Avy,y . NG9 RE). A 4
FAF 20 TR IR E 298 30 mK. B 6 (d) B
H NDj 53 %5 5 5 [N A& B[] R A% &R, 4 1
JEND3 73 F1E 2 7 A R 3 15 10, 41 €4 52 28 2 fol
HaE R ORE A 1S 2% 05 17 B R R 4
N f, = 254 kHz. X T NDg 27, kO
(£5 pm) & —ANERPE, JFH > TR fEIX
ANXIR. 2 T AHBERTTUARRNU, = k,.22/2, H
Hk, = mw?, w ARG IZE. WASCIHHE I B
5 B T LLS Y 2 7 1A NDg 34 B 20 A, B 75 2
fo = w./(2m) = 249 kHz, X 54045 21 i 45 % AH
Rty B DL SRT DAIE B A SCHE H 2R T sk R
BIE T DA R R IR IN AR AR M VA o0 1, BRAE T AR S5
EHA AT

113701-4


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

¥ 12 Z R Acta Phys. Sin.

Vol.

67, No. 11 (2018) 113701

Stark energy

15.0

75

Av/m-s~!

—7.5F

—15.0
0

z/nm

0.10
(b) Uy =300V
Uy =60V \{

U =220V
U,=45V \

n/%
o
]

1.5
(d)
f. = 254 kHz

il

1.0 |

NDj density/arb. units

0 0.5 1.0
t/ms

6 (a) ND3 7> 7 H#iLHEE]; (b) Monte Carlo BT3B KA F B T ND3 70T RHACE n 520 790 oot 8
HERA; (o) BT SEAF RN ND3 43 T1E 2 J7 W AR 22 [0 43415 (d) B ND3 94373 2 55 LA AR I (A AR 305 2
Fig. 6. (a) Loading process of cold ND3 molecules into the microtrap; (b) loading efficiency n of ND3s molecules at

different voltages as a function of the center velocity of the molecular packets, resulted from Monte Carlo simulations;

(c) phase space distribution of ND3 in the z directions; (d) dependence of the molecular density of the ND3 sample

in the trap on the trapping time.

5 % W

ARICHR T — FlgA B O AN R 1 Toffe B3R
T B, %05k R S E 7 X L B B 4 AR A i, 45
MG, e BMWMRJZEAET um A, BEN
1 wm, Jifi il HLUELE 100 VB 2R, %2R R B B
WAL RE ARy 2, HLF B oo v B A R 3 i R
NI AT gk 1 R R T R R ER R e, $A
HHC IR FL 37 58 RN AT BAAE 0.15—5.5 kV /em KRG
FELUR 9. A e (19 v B35t mT D H e 3 1 A
6.0—17.0 um 224k,

A G ER 7L U G N e S T B s e | 4
PERITIE R, BT )2 B T 40 4 4
A H) . Sisyphus 2 H . 28 K&, iR E T
R . T R Ik i e B ol — A 1 T DA %
YRR A Sy T RE A X S AR 4y T DA
NET R P N R TR AN, A
O v FE AR /N Y AT, R AT S Ty 1 5
A ELAE FHAIF FE. 123 T Ak v BF LA AR AR A

DEF AL AT T 70 585 B SE A ve 70 1 10
&, T H RS B TR SR VA Rl A A
A ST AT FUAR I T — Pl (AT 2 BL

S

[1] Chu S 1998 Rev. Mod. Phys. 70 685
[2] Cohen-Tannoudji C N 1998 Rev. Mod. Phys. 70 707
[3] Phillips W D 1998 Rev. Mod. Phys. 70 721
[4] Anderson M H, Ensher J R, Matthews M R, Wieman C
E, Cornell E A 1995 Science 269 198
[5] Bradley C C, Sackett C A, Tollett J J, Hulet R G 1995
Phys. Rev. Lett. 75 1687
[6] Davis K B, Mewes M O, Andrews M R, van Druten N
J, Durfee D S, Kurn D M, Ketterle W 1995 Phys. Rev.
Lett. 75 3969
[7] Weinstein J D, de Carvalho R, Guillet T, Friedrich B,
Doyle J M 1998 Nature 395 148
[8] Stuhl B K, Hummon M T, Yeo M, Quéméner G, Bohn
J L, Ye J 2012 Nature 492 396
[9] Bethlem H L, Berden G, Meijer G 1999 Phys. Rev. Lett.
83 1558
[10] Shuman E S, Barry J F, Glenn D R, DeMille D 2009
Phys. Rev. Lett. 103 223001

113701-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/RevModPhys.70.685
http://dx.doi.org/10.1103/RevModPhys.70.707
http://dx.doi.org/10.1103/RevModPhys.70.721
http://dx.doi.org/10.1126/science.269.5221.198
http://dx.doi.org/10.1103/PhysRevLett.75.1687
http://dx.doi.org/10.1103/PhysRevLett.75.1687
http://dx.doi.org/10.1103/PhysRevLett.75.3969
http://dx.doi.org/10.1103/PhysRevLett.75.3969
http://dx.doi.org/10.1038/25949
http://dx.doi.org/10.1038/nature11718
http://dx.doi.org/10.1103/PhysRevLett.83.1558
http://dx.doi.org/10.1103/PhysRevLett.83.1558
http://dx.doi.org/10.1103/PhysRevLett.103.223001
http://dx.doi.org/10.1103/PhysRevLett.103.223001

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 113701

Shuman E S, Barry J F, DeMille D 2010 Nature 467 820
Zeppenfeld M, Englert B G U, Glockner R, Prehn A,
Mielenz M, Sommer C, van Buuren L D, Motsch M,
Rempe G 2012 Nature 491 570

Hummon M T, Yeo M, Stuhl B K, Collopy A L, Xia Y,
Ye J 2013 Phys. Rev. Lett. 110 143001

Zhelyazkova V, Cournol A, Wall T E, Matsushima A,
Hudson J J, Hinds E A, Tarbutt M R, Sauer B E 2014
Phys. Rev. A 89 053416

Barry J F, McCarron D J, Norrgard E B, Steinecker M
H, DeMille D 2014 Nature 512 286

Kozyryev I, Baum L, Matsuda K, Hemmerling B, Doyle
J M 2016 J. Phys. B: At. Mol. Opt. Phys. 49 134002
Bethlem H L, Berden G, Crompvoets F M H, Jongma R
T, van Roij A J A, Meijer G 2000 Nature 406 491

van Veldhoven J, Bethlem H L, Meijier G 2005 Phys.
Rev. Lett. 94 083001

van Veldhoven J, Bethlem H L, Schnell M, Meijer G 2006
Phys. Rev. A 73 063408

Kleinert J, Haimberger C, Zabawa P J, Bigelow N P
2007 Phys. Rev. Lett. 99 143002

Meek S A, Bethlem H L, Conrad H, Meijer G 2008 Phys.
Rev. Lett. 100 153003

Meek S A, Conrad H, Meijer G 2009 Science 324 1699
Englert B G U, Mielenz M, Sommer C, Bayerl J, Motsch
M, Pinkse P W H, Rempe G, Zeppenfeld M 2011 Phys.
Rev. Lett. 107 263003

Prehn A, Ibriigger M, Glockner R, Rempe G, Zeppenfeld
M 2016 Phys. Rev. Lett. 116 063005

Li S Q, Xu L, Xia Y, Wang H L, Yin J P 2014 Chin.
Phys. B 23 123701

[26]

27]

28]

29]
30]

(31]

113701-6

Wang Q, Li S Q, Hou S Y, Wang H L, Yin J P 2014
Chin. Phys. B 23 013701

Ma H, Zhou P, Liao B, Yin J P 2007 Chin. Phys. Lett.
24 1228

Ma H, Xu X Y, Yin J P 2011 Acta Opt. Sin. 31 16 (in
Chinese) [Hi, Va4, BN 2011 D222k 31 16]
http://simion com/ [2018-1-27]

Hou S Y, LiS Q, Deng L Z, Yin J P 2013 J. Phys. B:
At. Mol. Opt. Phys. 46 045301

Bethlem H L, Crompvoets F M H, Jongma R T, van
de Meerakker S Y T, Meijer G 2002 Phys. Rev. A 65
053416

Buhmann S Y, Tarbutt M R, Scheel S, Hinds E A 2008
Phys. Rev. A 78 052901

Scoles G, Bassi D, Buck U, Laine D, Braun C 1986
Atomic and Molecular Beam Methods (New York: Ox-
ford University Press) p27

Gupta M, Herschbach D 1999 J. Phys. Chem. A 103
10670

DeMille D 2002 Phys. Rev. Lett. 88 067901

Yelin S F, Kirby K, C6té R 2006 Phys. Rev. A 74 050301
André A, Demille D, Doyle J M, Lukin M D, Maxwell S
E, Rabl P, Schoelkopf R J, Zoller P 2006 Nat. Phys. 2
636

Kuznetsova E, Coté R, Kirby K, Yelin S F 2008 Phys.
Rev. A 78 012313

Rabl P, DeMille D, Doyle J M, Lukin M D, Schoelkopf
R J, Zoller P 2006 Phys. Rev. Lett. 97 033003


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1038/nature09443
http://dx.doi.org/10.1038/nature11595
http://dx.doi.org/10.1103/PhysRevLett.110.143001
http://dx.doi.org/10.1103/PhysRevA.89.053416
http://dx.doi.org/10.1103/PhysRevA.89.053416
http://dx.doi.org/10.1038/nature13634
http://dx.doi.org/10.1088/0953-4075/49/13/134002
http://dx.doi.org/10.1038/35020030
http://dx.doi.org/10.1103/PhysRevLett.94.083001
http://dx.doi.org/10.1103/PhysRevLett.94.083001
http://dx.doi.org/10.1103/PhysRevA.73.063408
http://dx.doi.org/10.1103/PhysRevA.73.063408
http://dx.doi.org/10.1103/PhysRevLett.99.143002
http://dx.doi.org/10.1103/PhysRevLett.100.153003
http://dx.doi.org/10.1103/PhysRevLett.100.153003
http://dx.doi.org/10.1126/science.1175975
http://dx.doi.org/10.1103/PhysRevLett.107.263003
http://dx.doi.org/10.1103/PhysRevLett.107.263003
http://dx.doi.org/10.1103/PhysRevLett.116.063005
http://dx.doi.org/10.1088/1674-1056/23/12/123701
http://dx.doi.org/10.1088/1674-1056/23/12/123701
http://dx.doi.org/10.1088/1674-1056/23/1/013701
http://dx.doi.org/10.1088/1674-1056/23/1/013701
http://dx.doi.org/10.1088/0256-307X/24/5/028
http://dx.doi.org/10.1088/0256-307X/24/5/028
http://dx.doi.org/10.1088/0953-4075/46/4/045301
http://dx.doi.org/10.1088/0953-4075/46/4/045301
http://dx.doi.org/10.1103/PhysRevA.65.053416
http://dx.doi.org/10.1103/PhysRevA.65.053416
http://dx.doi.org/10.1103/PhysRevA.78.052901
http://dx.doi.org/10.1103/PhysRevA.78.052901
http://dx.doi.org/10.1021/jp993560x
http://dx.doi.org/10.1021/jp993560x
http://dx.doi.org/10.1103/PhysRevLett.88.067901
http://dx.doi.org/10.1103/PhysRevA.74.050301
http://dx.doi.org/10.1038/nphys386
http://dx.doi.org/10.1038/nphys386
http://dx.doi.org/10.1103/PhysRevA.78.012313
http://dx.doi.org/10.1103/PhysRevA.78.012313
http://dx.doi.org/10.1103/PhysRevLett.97.033003

) I8 % 48 Acta Phys. Sin. Vol. 67, No. 11 (2018) 113701

Chip-based controllable loffe-typed electrostatic
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Abstract

Trapping particles (atoms or molecules) allows long interaction time and therefore potentially high resolution in
precision measurements. Moreover, the particles in the trap are thermally isolated from the outside world and can be
cooled to very low temperatures. As a result, the atomic (or molecular) traps have been widely used in many research
areas. However, the molecules in these traps exhibiting zero field in the trap center undergo nonadiabatic transitions,
which is the major loss of particles. The loss of atoms in this type of trap seriously hinders the generation of the first
BEC (Bose-Einstein condensates). In this paper, we propose a chip-based controllable Ioffe-type electrostatic mirotrap,
in which nonadabatic loss can be avoided due to the non-zero electric field. The mirotrap is composed of a pair of
L-typed gold wires, which is 1 um in height and deposited on a glass substrate. The non-zero potential well originated in
the microsize electrodes offers a steep gradient enable to trap low-field-seeking state polar molecules. The electric field
strength in the trap center can be changed in a wide range by adjusting the applied voltage or/and the widths of the
electrodes. For instance, under the conditions in the paper, the electric field strength in the trap center can be changed
from 0.15 to 5.5 kV/cm. The height of the potential well is about 10 um above the chip and can also be tuned in a large
range by adjusting the parameters of the electrodes. Under the conditions in the paper, the height of the potential well
can be adjusted from 6.0 to 17.0 pm. The electric fields of the microtrap near the surface of the chip are calculated by
using a finite element software. Monte-Carlo simulations of the loading and the trapping processes are also carried out
in order to justify the feasibility of our scheme. Taking ND3 molecules for example, the loading efficiency of molecules as
a function of longitudinal velocity of molecular packet is studied. Our proposed surface microtrap can be used not only
for integrating the molecular chips but also for producing the quantum degenerate gas near the chip surface. It offers a
platform for many research fields such as precision measurements, quantum computing, surface cold collisions and cold

chemistry.
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