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PUAR loffe £ & M B (QUIC RN ) 2 My — XF PO 4% £ 18 F1 — 4 loffe % V8 40 4 ¥4 1L 49 — Fh Toffe-Pritchard BEBE, B E T
EMAERZEFHEFALRELSNETHLR P R T B0 R R 450 60 D0 1% 4 8 A Toffe 228, 3 X K # 1T
THR A BEE AR B RRE T — SRR QUIC BB, X b QUIC B B LR RILT S
% BISEKMN QUIC BB . RAMHARSHEZR"REF . CR TR FFSANEE-ERFAER, R
B 3% F 35 171 ¥ 21 (sympathetic cooling) £ AR i #8 K A K K 2| B T 3 .

KER: WIRLRE, loffe £, MK loffe LB HSHBF, BRTWBH

PACC: 3280P

1. 7l

i

BEEX BEUHNEIHRFERRTYE
BAEBHTEM A ANMBETERNTIREWH
KEH BB AL, FEXR(BERERTE
Rb, Li, Na,H, KR RS He) W R T K # &
WAL T B -F B 7 48 & B ( Bose-Einstein
condensation)"'"* . i FHEBE B BB A, NFE
BELBEMERRKT X BRRNESREHE, BT
USEMEMMERCHEBER G- ZRKHER
WELTBRERE P KPR ZH— LR loffe-
Pritchard Bf'”' . B T f£ 4i #) loffe-Pritchard B 5b, 38 %
8% % &, o B (clover-leaf trap). £ Bk B
(baseball trap) . PO1% loffe £ Pl 40 & % Bt ( quadrapole-
Toffe configuration trap, f&] iC & QUIC B ) LA & £ Fh
2 B 1) 18 45 #9 B (micro-chip trap)™* ™, H op QUIC B
B R, RARBA/DED KR F.
GMERSES LR AUEBEEETSE,
ZANXFEHEETFHERFERNAKREL ARG
FTH R BN R TR AR BB P . b TREEEF

IO R REBHE R — X R B AT LIRS R E
TLES XHFRELTRB IS, v LR
WH AR F. BEITIF loffe & B, ¥ B QUIC #
Bt KB+ MR BB F B B QUIC BEBF . B I,
BB R QUIC BB EZ M L R E 2B/ .
AR T HAARF S H R K B M loffe
LB R QUIC REBF IR MEB AR T A:
(D RBUN, B R B R 887, 5 TS ()4
BXARARSEH, SHetB2ZRA, BT KHE,
BAAE; QI EHNERERARERH B, F
EMTEE. RATHMEHE T 6 %8 B2 QuIC
BB AL oL 72 | R B X 2 A B 8 R T s AT IR
BE REHEIRERESPEITBESERERE.

2. XK EE

LRRAK QUIC B, 2 Af B W& 1 fF
A UREBE c MR EEATEBERE (K
ZEA B R 40 mm, TH 40 mm; WIHE K 30 mm, T
4 30 mm; B R 5 mm, K F K 120 mm) BRI, EES
FSMEE 2 mm. Toffe REINE : M MR EBELERSH

» R ESAEREPR R R (1S :2006CB921101) \E K AR i FERFH 8 GBS :10725416) \H K & RFH ¥ 4 £ (G 5 :60678029)
HHEFEKILEA M5 B A LR it %) (H XS :IRTO516) % B 9 1R EE .
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(b)

B MRAEA fe AENACREE (DF—HRHE,
(DBE=HRH

BEENAS M, ESKZESNE 2 mm. WKL B
loffe ZBMMX SHEEZRBKEZNILMP LT
_,’ﬁ

RMNEBRITITHRARSEHHRBAS. M
B 1), F—HHNRABE —XT#E R BEY
B, HPNEH 30 mm, BIHAME R 52 mm, K 5MEH
102 mm, KEH 60mm, 554 124 [0, BEKERRK 2
mm. WREBEHR 12 2, ZEEEER 1 mm 89
BEMHRTF, IBEEHTREAHKE. loffe &
Pt T R B (B 2(a)) , AN 10 mm, B %5 5h
£ R 14 mm, K52 K 110 mm, K B 60 mm, 3L 23
L1730, BAKERN 2 mm. loffe 2B % H & 16
B, BABEEN 1 mmWEGHEBIT.

BETH QUICHEHZBIE 1(b) FiR, Wik
Bo—3tEHENZBRR, XAERN 20 mm, 52
60 mm, K EH 42 mm, S84 288 [  BRELKER N
2mm WREBSEHE 12 2, 2EEEEN | mm 8
BEMMBIT  BEE 24 B, FHEER 3 mm 4%
MRS 4 4. Toffe XB AR ERELHXE, K
HNEH3Imm, RN S1.5mm, KEN 62 mm, Hf
BURHKEN 11.9mm, 5% 19F ., 38K H
BH1.6mm. B 2(b)Fix, loffe RELEH AL 6 2,
EEHEER | mm BEZH BB, BRE B,
BRXHEEN 3 mm BAEZHHIRE 2 A .74
HERP BLEBRETESRLI L, BHERE
5 BBk, AR EKURE AR,

M2 WETRH ofe RMBA  (a)F—4A lofle LM, (b5 4 loffe M, (c) 55— 4 loffe R B M BA

3. WAMBER QUIC B B R &
R

ASCETHEH R MLL R E QUIC BB #h [

B 7 0 %2 1k, BF 5T DOAR R B 1) QUIC R B B9 A b i
B IFES UM R F RSB HIT AT E
FEBATFR I MathmaticsS.0 314 S T B QUIC B BF
HEEBEZI N . B THREEEREMRE, BN
KN JER G B BUNE K X B R 7= 4
ERROE®, FUEHEPREEHNHLBENE
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TAER RO B AR AT, 38 A Nl R g 41 z-D
75 (8] — o5 A Bl 4 3R K13 L A O B SRR R SR BE P o S (R+pF+(z-D)
BAERRBESAEROESTRR N
bt
‘—2“/(R+p)2+(z—0)2 ®e

2 R -0 -(-D) 2 2 _ 4Rp
X[K(k)'*(R_.;‘,?)Z+(,_D)2E(k)]’(l) k (R+p) +(z-D)}"

. R+ +(z-D)Y .,
x[—K(k)+(R_p)2+(z_D)2E(k)]7 (2)

30

201

B,/107'T

10F

301

20

B./107*T

10F

B,/107*'T

B3 MNELEAEN25IAN  F-HAKXBASMHNUREYE QUIC EMAMEELRER (a),(c), () W HEMMLFE (i
R)EXBER(BUERWX (D), (D), (DK 5F(a), (), () HMMEFRUEURG R loffe KEM AN LT 25N
0,16.6 #1 18 A HX F(a) A, ()M ()WRBRE ST HNBHTH 8 H 1] mm



8B IMES: LTARE-HRBEERFHEIFH R loffe 44 BB

4843

(RHBUREBEMESR B, WERER, QRN
BEAE D AMBMBRNBERNSBYRRR, K
FKE)RMER)AHRE-RAME KT 2 /A
ﬁﬁ[l!].

RV (1), )R KHH QUIC REBE F 2
EUEE — SRR 58 B . B b QUIC REBEF - B
TEAUMBNBREN ,y FANARENE, AE

(@)

B,/107'T

u(e)

20

B,/107*T

101

e RH 2 J7 WK 4 B 7 AL RE T LAAM B 00 4R R B 1)
QUIC BB 8653 8, BT AA X R B T R & B
1 loffe LB TE - ¥ £ & R (- 20 mm—20 mm) # &
BAGRET, FEXRMBHERIEH#HTT L.
FRAE-—HALBEHASRBHHERNE 3
L EFAHT R loffe £ B AR T, 8 R
GRENTAMMEEMETRERGELF . AE3

B4 MEEKEEREY25. 1A, F_HXMASHUREB A QUIC EBHHNHEIR (a),(c). (o) WHEB L L (th
R)GERERE (BRSO BRI (b),(d), (DA 5(a),(c), () MR B T BB I . Toffe L2 B A9 8 3 L 70 F 2 30 %
0,33 35 A MM F () B, () M()MBRBREZAINBEIHTH 7 H 9
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TUEH, BEEEN QUIC B RKSBEES
BEAZEHRLOH 15mm, KRR K QUIC B #T
BP BEFE5ESHBESEEME YT 2B MK
FIRTEEEE k% & . RIK R R WA 3(1)
R . BRETHAMERAR TUE-AKBER
SHBREFREL H AT NEE TR QUIC BB
BB A 101 7P A& B PO AR B B 7E o O BRI RO R S R
BERXEAD MERTIHEMER RMNEA. Y
336 A DO 4R £% P A PR AR A, DR B B 7E R0 B OE B R
BEUEBEXB LMK, FURTTE _4KHE
HE.

KRB _HABMAAN B ERED @M
WMEE A loffe ZBEHLR, FEMERME 4 FiR.
LUtk Lk B A RS N B 25.1 A B, B B E ¥
BER1.02x 107 T/em, FUEEAI M E N 1.07 x
1072 Vem, A 4(a) Fi R . BT loffe LB A
Wi e S B IO R B B 1) QUIC R B AU 55 38, ¥4 loffe 28
BABERASH BHE =0 EF -1 BE,ET
e 7 DO AR R B R L 20 oK e e, REBE T R A
loffe 2% B8 75 1) ¥ 31, % 3K 76 # B P 09 J 7 B0 B
B AR S B B REB R R T B N, R FE MY
REET FUERTFANBHIRD, BERRE
ZRUBKRELHEREN, FEFAZETHEM
A NE Ak P

Y loffe 2% B A9 85 L MK 2 20 A B, RESAHTE Loffe
KEWEERTENER, ER—NE P2 bl
F offe KB MM MK, WA FTEHMERE, KFH
M 2ZFHEK. SR FHEERE LT # 28
LEFEEFEFBRE WA 4() R, 42 2% IK7
—EREZE LATE-EBMMEFE R REZ
AR XA EBAT W E A AB L TES
FRAENENMIL XERINEFRSLTE
RATEERE, RS MR FILF 218 min g
IR T M RE B 2 ik 3R, 53X BRI (8] #R FE I iR B
[ QUIC EBHEE A “HAE D" EX R+, st
loffe KB MR FE P, B T “HBKE D6 @M
B REEFRE. BIEE B QUIC B BB, loffe
KBMEMN IS A MATEMPERIRDH, - 8
KI5 F 0 B 4(e) FiR .

RIMRAE _HRBE B K QUIC REBE, H P
R B A A 28 A, loffe LB BN 39.76
A MR EBF PRESB/ME N 1.5 107 T, B\ B 1

BEHN1.72x107 T/em, $E M £ H 1.622x 107
T/em’® . 1 I 15 %0 | B #0425 1o} 0 % ) £ 9 2 40 510 b
2% 179.3 Hz 1 21 x 16.3 Hz.

EK-"Rb B FAH AL B ABOERL™ 1L
W 2% VB ¥ R AT R O Bk o o o R O B B R IR) B A 3R
YRb AIVK BT BRI R F RN R 4
B F QUIC BB 5,7 Rb MR T4 R 100—10°,
SN0 WRFAREL G BETRFERSHR
1.64x10° K9 Rb RF B 6- B AR RE . H 5
BT RITHYE R 25 ms BY, B 8- BN S AH B IR (K
BRI EBE, B e RIEt M MEXEREE SR
MEIEHERUESER XA KRR H
(sympathetic cooling) B R %t K S K A B & F
fﬁ#lm.

B KATRIEN 25 me B, B - AT IH BRI bk iy
R R 18 B A

0.15F

0.10

bl 4

0.05

0.00

H6 MAMEERESFNLRUBAMEGER #L o Hh
EREE, MK b B ERENMPLLE L, HK o HX R
RF R B4 R
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REBE.7E QUIC REBE R, RASI B BARBHEAT
4. % # YRbE TR B -8 E AT H R, R It
BHHEARERRSEOK SBRFHEN, XHST
BRIV FARFE UREEA ofe RBAAH FREC-HKESDARKSENHLTRRYE
QUIC BB BT THEMBALRAE AN MES TRENIRYE.
o i JBLF AT R R AR, 18 B T — A R Ak B QuIC
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The design of quadrapole-loffe configuration trap for
quantum degenerate Fermi-Bose mixtures*

Wang Peng-Jun Chen Hai-Xia Xiong De-Zhi Yu Xu-Dong Gao Feng Zhang Jing'
( State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Opto-electronics , Shanxi University, Taiyuan 030006, China)
(Received 21 December 2007; revised manuscript received 12 March 2008)

Abstract
The quadrapole-loffe configuration (QUIC) trap consists of two identical quadrupole coils and one Ioffe coil, which has been
applied widely to trap neutral atoms for evaporation cooling. We have designed two different structures of the QUIC trap. By the
numerical calculation and experimental test, we obtained the optimized structure. In the QUIC trap, the magnetically trapped
rubidium-87 atoms are cooled evaporatively to below the phase transition of Bose-Einstein condensation, at the same time, the

potassium-40 atoms are cooled sympathetically to the Fermi degeneracy.

Keywords: quadrupole coil, Ioffe coil, quadrapole-Ioffe configuration trap, atomic cooling
PACC: 3280P
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