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Abstract

Ultracold atoms system has significant advantages such as highly
controlled degrees of freedom. For example, we can accuracy control the
number of atoms, the temperature of system, components of different spin,
the structure of bound potential and the interaction between atoms. In
recent years, ultracold atoms system becomes ideal quantum simulation
platform cause its rapid development. It provides an effective platform
for the research such as Quantum Hall Effect, Magnetic monopoles, and
Superfluid.

Since 2012 our laboratory reported the spin orbit coupling of
quantum degenerate Fermi gases for the first time, in 2013 our laboratory
began to build a new 8Rb-*°K experiment platform, aims to achieve Bose
Einstein Condensation (BEC) and Degenerate Quantum Fermi gas (DFG),
after then research frontier in the field of related areas of ultracold atoms.

This paper introduces the new experimental system, the cooling
technology, as well as the influences of gravity on 8’Rb atoms recaptured
by the quadrupole magnetic trap after Sisyphus cooling. We choose the
suitable magnetic trap on the basis of theoretical analysis to improve
atoms’ capture efficiency.

In the vacuum system, we use laser cooling technology, magnetic
trap, optical trap, magneto optical trap technique to obtain samples of
cold atoms, and then the atoms could be further cooled by evaporative
cooling. The evaporative cooling process needs enough elastic collision
which can't happen in K Fermi gas at ultra-low temperature. We use
Synchronous cooling technology by mixing the “°K Fermi gas and 8'Rb
Bose gas, through the elastic collision between them to cooling “°K and
achieve its quantum degeneracy.

We design a 2D-3D magneto optical trap through the constant
improvement and optimization, the final system through multiple
reflections of the light beam improved utilization of beam and increase



the volume of magneto optical trap .

Quadrupole magnetic trap is the simplest magnetic trap which can
capture atoms. When the quadrupole magnetic field coils are placed
vertical and horizontal respectively, the gravity’s effect is investigated on
recapturing atoms with the magnetic quadrupole trap. We observe the
oscillation of ®Rb atoms in the quadrupole magnetic trap by
time-of-flight and absorption image. The magnetic field distribution in
both cases is calculated and presents that 8’Rb atoms’ oscillation comes
from the offset of center of the magnetic field due to gravity. After
calculating and analyzing the magnetic field gradient B’ to balance the
gravity for state of 8’Rb atom, we explore 8Rb atoms oscillation, and
choose the configuration with placing the magnetic field coils
horizontally to increase the recapture efficiency of quadrupole magnetic
trap.

We choose 532nm optical plugged magnetic field to avoid the loss of
atoms’ number caused by Majorana Spin Flipping.

For now, we get a large number of both 8Rb and “°K atoms with
high density in the optical plugged magnetic field. The gases would then
be transferred to a crossed far red detuning optical dipole trap. There, the
gases could be further cooled to a quantum degenerated state. 8’Rb atoms’
Bose Einstein Condensation is observed on January 28, 2016 at the first
time at our new 8 Rb-“°K experiment platform.

Key words: Ultracold atoms; Atomic cooling technology; 2D-3D MOT;
Oscillation
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BIRIE TR BIABEAN, 45 T2 5 3 MR HTA B8 10T, 25
SRR TR shae, REAERMER B0, w1, FErFrmeR RN IR %250
fi: N(E) = N, exp (= E[k,T) Fi T RRHEIEREE, ibReR KT £, = nk, T R B
B (n MEUMEZA 3 3 6), XHARIRIET TR (i
i IR B BRARD, Gl — BB (R fRERE ,  JE T 10 B8 R 2 BURT I B R 25 B 4 A
N(E) = N, exp (= E[k,T)), WHIL<T, SRIGitfem KT E,, = nk,lKIETHE,
T 2 S I JE T 22 G BE AT FEAIG, ] 2.2 Bt o J&1 PP e FE 0 AT R AN X ik 2 A
S R B B B R O R R OGP & 2 AR IR S, BEBER [ & G 1& 1
KNSR IGE SR NI, SR T SRS IR (] SEIARHE R 26 2 0 A, BT A
W L Re = KRR, A AAIERRRE MR T B . AT DICHTE 28 K8 Hid 72
H S BURR B R T, HSEBR b1 [A1 00 A 2 1] 25 B 3 K S AN B0 20T e R kb 1%0
JEF

A

[
»

fi& =2
K 2.2 ZRAHFEIRER
S Hh AT B A K 1 R T A B R s SR B S R R . BT R T
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o JET AR L

ISt RN 8] LS 7 R A R AR 2, BT DA A i T B T B R v A A i
JREIARR o H AR R A B S B R R, S A S BT AT T B AL T TR
JELATI B R, B AR 7 B 75 i 32 22 B e R R A 2. Be B FRATH
FIFRV IR B2 ST (R 2 R A EAR PR AE pK B 2% (10°12K0D, 286 B H Al AT LUE B IR A
nK &2 (10°K).

FERL I 3 R I 28 R v B IR R S B8 v BN AR 78 R e 10, JRATTSE
6 I UK AR S AR R R A o AR AR R e R, R] DUIE I O 1Y SR AR R i
EREIR T RSB PR, Fom )\ SERBEN|F,om, - 1)3
M AT B B BE R A, T AR AN R BN 3R SR A

g, 1,B(x) = ha, (2.17)

&t

ZaY

oot g, g RRESE , BOx) IR T AL R B W IR KN @, BT I,

, 1
g, AWHER T, H9:sh 2 “Rb 1| F = 2,m, = 2) EX Mg, = 5 K

lW%%Eﬁﬁ%E%W%%%?EQm@%ﬁ#%ﬁ%%ﬁ?&ﬂ”@bﬁw,%
R HLI 2L, FHI S 5 2 5 D PIELEL I 38MHZ 25 15MHz, BiH (e
6 BN 2 MMz, B 1 T T WS A0 T I e B 8 30 0 2
|7 =2m, = 1), |F = 2,m, = -1), RIFHEFREBSL. TR FT2— B
5 A BT . 2Rk SR 5 TRUARARIREELIN T, = 5000 .
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F R JE T BB R 3 SE AR F 7T

2.4 HhEDAED

P15 A 0 e 2B LA T 0 20 ) 3 2 6 AR T/ 1« DR A 7S 1
B ILR, R s WRERT DL, ORT R TR G B el ok Sk, T2
SR AR IL R, s WREIR TEHER AR, T LA RS B A FU A7 2
RSH . BRI B AR R, R R A TR B G B
LTI S A B R A T LU PR TR, ROk
b % IR RS S FEHETAE R, — RSB (6 U 5 PR SR A B AT 25
B AL A A

1999 45 Jin /MHRIUH —F i, TR OK 1] £ = 9w, = )

|7 = 9 m, = ) AR R ARSI T IR R T R,
SATSEA RN H AR, B TRb BT K 8 T2 ORI K
FHATAH . 35T K 1SR (IR AU, LB AR AT SRb 1| F = 2, m, = 2)

AROK | 7 = Y m = Y5) Jl, BRI = -

Mg
+2 8Rb

+1

0

Kl 2.4 HIFIERS A+ TRb F 40K 57 1B RS 4128 2 T RE
i 2.4 fror, BT K ETA 10 A B e Rb A 5 AN E S, LR
A, ¥'Rb (282 0208 K 1 2.25 . #i Sk KEERH] 1 A0 T2 S B0 R 1)
FEZERIE, HXPE T LB, R Z A Il AR, DG T A RS
&2 ¥Rb ) H ERIE T OK JUFRA RN . BEA 2R A SRR AN Mgt AT, iR T
FROTRLRE 2 AN T FEAEG, T B i e o A oL 1 3 Pl et T DA £ 8 B R -1
MR RE P BRI, AT e R S IR 1 R

12



H =8 SRb-AK SIS G I

$=F YRb-K LT SHIEE

ABEENEZE RS, LFERG Wik ER MRS (HOLPE . BB StPh
SR A 2 S SR Rb-"OK ST 5 A48 R S IR BUisk e . AE3. 17 R A4 T
FEARGUSE VLR, 327 A 7L R EEDLH, £33 EM
MR T = 2R SOl ST 2D-3DREEE, 7E3.47 4R T G B A
e BA K B532nmo ZE I SEMAAIAE FY , B JEAE3.5715 A4 7O A A b S 7 13K
31 EZ &%

I RANMEE . 2 FRMEFRENET RAMAET . EERAVUBEEM
TRILFERK AT ERE Pa &, RERHAE TR DHRRARMAETE,
NG R R, RIFE 2D MOT w3k i 4R J5 #Ei% 2 3D MOT #E/T F—
AR, BT DAY B R ] [E S R AR IR A O PR R B s,
— R AR E GEEAARIEAE .. X 2D MOT #4515 742 545 4 Agilent Vaclon
Plus 40(40 F4), X} 3D MOT #3275 ) & 22 41 504 Agilent Vaclon Plus 150(150 F)
SEAEEHEGMER, wkE 3.1 fis.

(a) Agilent Vaclon Plus 40; (b) Agilent Vaclon Plus 150 54k 4 %; (¢) 5 =%
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F R JE T BB R 3 SE AR F 7T

MOT A2 M AZAAXHE; (d) ALBREELMHA.
K 3.1 B RS

M E 2 PERETT S, Agilent Vaclon Plus 150 f 14 f8 4 T Agilent Vaclon Plus 40,
R T W RFOCHIN B R A B AR ER. - RAFIERN 10%Pa
B4, AT 2D MOT W\H 5t F IR € BHE AR IR T, 58 - HAETEN 1070
Pa T4, 2 SEINHE €057 R UTHE R SRR & 11 R oK AU IR SR B0 2R, X R 1 Tic B
WEIRAS 1 R0 R IR 1 ORI 1 P AE RO GBI b 0 75

FL RGNS ARG A R K, P ) B IR AN = BV R R, AR
AT R SC A A ABY, TR R, AT EN - G A S
IR AP RS KRG T Z A SIS, L9 I #AaH 6 B S Hh g Se e
HERGE, NP IML BB R B 512 0 B R ECRIIER . PR
TR R IR B T2 )— B 8] 5 2D MOT [ E 25 JZ B4~ 5.910*Pa, 3D MOT
B ARy 1.510°%Pa, H7E— BB A6 35 40 J5 12D S8 AR, (R E AL E %
P, fE B IROGEATIRIR, RN 4kE: RO IR A R . B IR TR I R
TR RGE S PIEIEA L G IR, 850 =08 H AR/ I FHER 2 2 3°C,
H1 T~ 3838 cell 3 FH RIS 771 i e S22 ) PR BT DA 40 i m 4 B IR &4 80°C,
FAR Iy AT IE M3 N3] 120 % 150°C . fEMFAS R B TAMZ B, Bg MOT
P RS SRS AT 3G 0, B e B 2 B T P e 2 i 3

H RGN S R SR R AR S AR, PR B TRN, HTETE
B AR, A FEBR A RS, A B BEANRE s B, B TR b
BRSO LB, ST REATLLEREIFE T/E. BT H TR LS T RN,
ToVEE NP, SC00 500 AL ] T B IR AR AN R TR 1) 7 28 2R A
BT hn s — MREL RN TARTHE I R 1) 46 2 48A.

NERZ2 L IR 2 B 2D MOT W H 25 4 6.5105Pa, 3D MOT [ 5 & N 6.9105Pa,
SIS AR RIS AK AT =AM AR SRR, B SRR 22 . SR — 4 E RN 38A.,
R L B I IR A 30 23, PR 22 BBt (8] 6 730 BT K22 BT
B S, WIRTHRE 2 RSB Sk S8R A5 E TR, BT DA — Mg £ [ — AR 4K
LEEEEINAN 3 IR N AR, SEES TR 2l SO AR 22 2 5 TS BE A 22 I (Gl
WO 6 o BhE R ) A (i (30 2Bk RIS AR D . BHE SR, F—
FRER 223 2 AR BI B8 = IR H I ) e 22 L B L Re S e A (B E R — B ). 7B —4A
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H =8 SRb-AK SIS G I

SRR =R ARG, BXERRIEE 42A 5 45A, EEZ BTHERED DT —
HRN S = L AHE L 2

HTRGMPAFE G, 2D MOT I H 78N 5.910°Pa, 3D MOT W HZJE
4 5.4107Pa. /5 2D, 3D &I J5 KA KM T5E, G —RFFMmAEs)E,
2D MOT M EZ T4 % 1.810%a, 3D MOT [HE T ER % 8.710%Pa, HEEITIHA R
ARG EIE (IFEEMTHER —F0), 2D MOT A1 3D MOT P 1) [T 5 i 5. 5 A )
A KIEIRN o 705 B2 RS0 R 42 =, 2D MOT B %S %N 6.410®%Pa, 3D MOT
ME =N 1.210°%Pa.

M HET, WEGLEE, RERBE T, AR TR E E T R+

& 3.1 v il AT IR A AR Yl

B[] WRECCOME ) | 2D BEFE (Pa) H/VE

9:40 63/50 7.4 JiR - HRa 2y m
10:00 66/50 8.3 —

11:00 69/50 1.0 —

12:00 72175 1.2 —

14:00 75175 1.5 —

14:30 78175 1.7 —

15:30 81/80 1.9 —

16:00 84/90 2.3 —

16:50 90/100 3.0 —

17:30 93/100 3.7 —

18:00 96/100 4.4 —

SR A, i
8:30(next day) 80/80 1.5 K B

3.2 XFERYG

WK 3.2 Fin, WIS 4R ¥Rb JRF1E M 51E 19.2MHz B74 4156 (cooling)
TERTF RS P2 BRI BIMORES F=3, HAES'R, U F = 3Z5MIE T | R 5 5 X
REMIRIIEZS F=2, MIMSEIEIRA . SR26RR T 5258 1 cooling e H AT — 52 1)
2% HIR T HOR ARG R R [ R Z2 AR, TR IR0 156 7T RERRIE B
A B HAREEAS A RE L b, BETTT B SR 13 5 cooling Yo AN LR 1 HAM LR B,
BATT BN — WP IZ 6 (repump) 11X L 3 7 A RS 19 J5 7 25 8T Hhis B 204
Hppd s, XASEWA —E MR AEH, ERTHELER.

Ak, #EIEYE Cpush). MY (probe) 5 cooling Xt EkiEREARIA, W
TR RN . push JEIVERE K 2D ®EEHE R R T2 5 3D ®EERE,

15



F R JE T BB R 3 SE AR F 7T

TRAE Y 29.6MHz, probe St FH T RS AR SR I ¥4 J5L 5 1 AR 67 BB A T 43 52k P2 0 A
RN 0.5MHz. pump JoRIAE 24 5 i 4 Bl I7iéia s F, RiEDy 1.2MHz,

=T 3
_r A
I 266.6MHz
| —_—— ’
2L, T T -3 T 1 2 F
| 1 | | 157MHz
' 1 n 1 1 72.2MHZ(;
| y )
| I 1 |
2l | o 2
§§ sy 1 1 g 3 11
olx I | 1 % & | |
NS B I / 5
| |
25, I I 6834.7MHz F
A 4 A 4 1

] 3.2 8'Rb i ks 4 e 4 1 1

B - 0 H I FE A X ), L ER T R RS 4H B 2 R R AR ZE TR )N,
IR T N, SIS T TR Y repump JG DI EETE K.

Sk = A E Toptica 2 AR/ FEMHME R S EOER (BU5h
DL100) k=4 8'Rb JiFH1 K JEFHOGA A 57T R &R0 (Gl THn)5+
FEASBS,, ML) F=1 F1 F=2 2 [} 42 6.8GHz, fiT LA 5% h Rb cooling 61 Rb repump
TR M & DL100 WOt a0l =) AME A 2 EB0EEE (ECDL) &
AR B SR AT S, FIF A DG I GI 2 CAOMD BEAT RS T 3R 15 5K
6 b T B AR IO, 2 5 A PR NBUE IO A (SL) AT SR O UK 38

(Bo0STA) X IHOGREAT B FHUK .

Wi Bk, Z6RSER ECDL E#Et#iEid AOM # 44 A% Rb cooling.
Rb repump. K cooling. K repump VU ARSI AN [F 3O, 2 5 Bt s Ok s 47K
IS RO 2 0 — A6 b XRERTA RIOE IR AT DA URE — A
66 b G S ANER % R 2R B RN T DRAE O R RS E . B TS de rh 7R 2E4E
[ —AMREPAEER A AIRb-OK RS SR BT LM IR R T I R Ot SRR S E —
i,
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H =8 SRb-AK SIS G I

SIS AR R AS [F 1 OGRSk br s KRG EO6 7 24, H Rb cooling. Rb
repump . K cooling. K repump JtEgBEAR—2 (XHITE T AR K AOM AN[FD,
B X B2 ) cooling FEFT repump Ya IS B W 3.3F, Hd () Avn & K, (b)
N SEEG = SRR iR I A

(a)
K cooling

%—»— i |
S 25mW 4 7.68mW 4.62mwW
€ 4 som

1T

\JOPTICA

P 3.3 £ JE -1 cooling Y1 repump Y& i) i
BTN, SER LM AOM BT —4 6, A el
(PBS) I AOM a7 —Xi&Es (mOFM@) , HF R NS SRR &
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F R JE T BB R 3 SE AR F 7T

XA 7 B A B e B DA S PR 7 B X T AOM BIRICRA 2 A7 KK E2 , £
I rh KRR, RAEFHES QAN 200mm. E5 @4 N-50mm A S, 4
& SeEe s % A Mini Circuits 24 /A= I 2E (AOMD XHBOEHH TR, £
HFE, BOGRIREL AOM BIIHIRRL )y 80%, WM ZFIE 60%LL L, H
TAEPERELL RS € - HH Rb cooling % A1 Rbrepump YA £ # POS 100, K cooling
JEAT K repump St FH 2 ) POS 300 IS AR il F s 1) AR 2 H ] 3.4 B

100

240 |
95 POS 100 POS 300 -
230 |
90 -
~ 220 4
g5
210 4
T \% 80
200 4
754
%g 190 4
70 4
180
65
. 170
60 T T
0 1 2 3 4 5 6 4 5 3 7 8 9 10
BE (V)

41 3.4 POS100. POS300 % i Al % it ri [T 32 1k
s oy e R AR FE AL B AL E, SR T WS AOM 75, fEE R B
T2 JEBRIR A, T EAEAE AOM HMIAR I AN 2 52 MDGEF IR o (B2 - SEFRrp A7
FE L AWAS » BATINGL T AOM RN RO T 4L 1 2R 4t £ G R 1 4 2 Jm 238 AOM
RIBAR LR ET (1 HOG D AN FI W R G2 ST BIAL, IR )R Seie T a7 i
Wen 22, Wk 3.5 k.

40 35

] Rbcooling »] Rbrepump
304
254
254
204
204
154 159
104 104

T T T T T T T T T T T T T T
40 50 60 70 80 20 100 110 60 70 80 80 100 110 120

Rb cooling .51 Krepump
3.04
254
“1 / \ 154
j 104
14
.l_/ \_ 054 \
04 _———"‘f 004 e [ T,

T T T T T T T T T T T T T
140 160 180 200 220 240 170 180 180 200 210 220 230 240

AOMSRZE (MHz)

3.5 AOM B 5 64 Th R 1 5

18
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H =8 SRb-AK SIS G I

3.3 RS

B BAARSE 2 B A B JEANBE DI IR SR 1, DR AR 3R IR -1 AN 75 SO T 1k
FEy A 1 (25801, T EAR 707 BAHCHI 7, B 58 A Hh U 75 RN 5
FRIPEFORIEE B AR EIE ). ESEIL SR A1 OK SR FIEER, BT B A
JEAE R X S5 T4 — AR e 71, BRI R B — A 5 R 6 B A R BIE 3R S,
F B BN PP IRB IR B AR e 20214  FE A o £ A EROEBF(MOT)
AR EAR AN TAENLS], QIRRO IR AR B, —4EmOuBE (2D MOT) HYH WL
gEKE,  SRE SR I LB R G IR R
3.3.1 MBI B A IR IR

FEIC B R 5 5 2 B M T DU B T) 73 A1 A28 ) O 3 REAE L1 RE ™ A2
B A7 B AL 26 2 Re S r 22, BEI SHEBOCHUR J1 A0, Wi 5 5 1t R 44
JEF.

AE

hw, # h ho

> (0,0

Z

K 3.6 REZE T ARG B UL 2

AR A E N 3.6 B, WA TR SRR = 0,
REMADEA T = 1, BT TR, WihEEN B (2) = 8|4,
g R, MR T-HEA R Zeeman 42, T MR A TE R 4
BN=A Zeeman THES, AE = pg,m B m T O G ERUGR MR,
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F R JE T BB R 3 SE AR F 7T

DA AR =4 Zeeman TREL R IIHEF AR, £z = OMAMER B =0,
BB =~ Zeeman ¥~ BEZK i JF o ARSI AR 7 o) AH B R I (D't z S5 e i i, oo
Ml z BIE L, o U 2 BURTTI . 0T z BEEEE T, AT L 1) AT
REB T oG IIL R, K5 HUN o 6T, PRI BERR 2z = 0 KIS HUN
F1o [FHE, MFAT z HFCEIE T, |1 1) ST RSO R R,
AR B Z 1 ot e T, RZBEH 2z = 0 XKL 710532, T 52 8 6 B )
AN
3.3.2 “4ERLEH (2D MOT)

Nellessen %5 AT E IR E LSS b SLILR 76 — 4k 2% (A] B A7 R0, H 577623 )
(B8 = ANERE BRI DUBEAT A2 30, T80 30 A0 P S 56 20 B8 DU ] LA R AR 78 7 TR

THERLEHE (2D MOT) WIEEHBGH T H : PR ) 2 W8 25 28 BBl 7E =[]

J A VAR R s WS I TRl A% 43 1) [ R AR O SR o R o™ 78 4 s ) R A i1 kol
KAE 2D MOT #ilifa) CBE z #7710 JR -5 A v 50, AT UM IR SE 1) J5 -1 141 799 i ik
EIE AR R

XA 955 I ) A B O G R 0 7 S AR Al 2D MOT, 32 B T
JiF B — /LA R B s . S B A s P A SRR @
ANFL, TR R AN SR e, R RIARIE B (RITE y-z SFTH N B D) BN T
R G IR B IR IE R, LR O P o e R O AR AR S s LK
5 B [ T A2 /N DA A T B AS B T R E B P, B R T R4 H BRI
AR R TE R o X BRI SRAE Rl 1) B ol R B4R e B e ) 202
/A BEAS ARG B R R 25 /ML

PR S50 B L A 15 2 A R M R AT S0, 2D-MOT  Hh 73R A 90 17 33 32 A Ui
(EARAE , LR O AUE B4 3E MV EDHR B, A R RAIEJE 16 — 4 175 8 % (3D-MOT)
Hl A a3k (Catani 28 NS HIE A 33mn / <B4, Schoser 55 A S48 Hill#3 &7Rb [1)
Ji i SRR AT IA ] 6100 B8,
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=5 TRb-OK SIS G I

K 3.7 256 % R Y 2D-MOT 7~ &

BT4 2D MOT SEEGA 8, IBWHA SOl 77 R, Fodhs WLy n— SR
PEEMIT % . T4l 2D MOT JE-FIRTERMIEA REE, i1 R A H — i R
TH, NTREEFOFHZE, FinAN—RHEEE0E. ke mT DUE 850 € 5+ A
MR —ui e B, AT ARG TR R R T, S e Tk s s . REEEW
R, S IX R 2D MOT A 3D MOT $43t JR TN, 0445155 FE s it K i
HEI% AT AETLEL 3D MOT KIS 2

Ak, B —F 2D MOT HyJ7 2 B iz e 2D MOT 7 Ry e, 1E
&, MU —IRHEE G, A A — R SHEIDC R R AR MOT R
MOT A & MU E N 25 5 HE I — A 4598 (PO B IRERTSESE
G i B s RO R LI B s R . BT R IR R OGSO HERE
SEEVER, T RATES A By R — R, FET 2 it J5 -l k1 ' s AR
3D MOT R IR . 1X 2 H AT 7 3R 5 1 R0% om0 25 B 19,

T EAN LR EIR W 2D MOT Wk 3.7 s, FIFYER 2 IR s T
SR FH 2 1 KRB AR AR, 5k s TE R AN G SR 48 (14350 43 25 2t I 55 X
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F R JE T BB R 3 SE AR F 7T

B SR HCRAA SN, AT R R SRR, Gl DA AN
B E PO kT R AU KR R0 S, 15 25 AR 4
i Gt .
3.3.3 ARSI
LB % K 2D -3D RGBSR S R TSR AT R . SRR EBHA L,

PERRTEHIR G 2 . R R —HROEHE, MEE B, R R
D, BAVRMELE L PR 2 W H H 1 ET, oy 2 ik — P sSEse M aa ok, o
RETEAR, NRRIENTRABEZ, SERERE R a2 AR 2
flEfdE, B2 R bR R FIERLIE A 45 B8 AT (R, 43 520 i R (1 VA E0 R SRS
BRI GBI BT, BT X 3D MG AT SR AR R T P R T, R
AT LHARA, e 2D -3D LGBk Rk R BT 7 B (R AR, R R LR,
BT AFRATH ) 8"Rb-K &1k H 1 2D -3D P el Bt -

SIS, FEAEZ)SN 10%Pa ) 2D MOT fE AL JE TR EE 2, % 8'Rb JlEF-7E
PIAN T Cy J7 Al z Jiia)) EARAETAET . A0S 05 RIS x BT 7 o it
NEZEZ) Ny 10°Pa [f) 3D MOT B HEA %, K 3.8 .

K 3.8 3D B E K
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H =8 SRb-AK SIS G I

Vel e B S A 7 0 D7 R G 1) — X DU R 2k P, ey TRl 2k s L o0 AT LA
K¥&H1, FTLLF T Feshbach 528, P4JEMA —XHAMLRLehI DU LL 8, ik
N PE R ZE R A HL R R B R P, R R R T . R T bR
PHIZEIE R IR 2k 8, 24 molasses 2Lk BIWLME R FT#E 00 pump 3%, <AL EE
SLF RN T BT A 00, B0t 3 pump SR LIRE probe S, ¥
probe Y& BBTAY AT BESTE cell 122 Yk R BT itk 1385 0

Zod FEAREEBE LR IRES EEA HIKE TRb 5T B 6L — 45 R ) T
BB h . TR RS A H R TAN AR UK, Zeeman SR L5
BUR TR o Rl o™ Je WA R, 3R 7] 5 AN e R T G TR 0t 7 P T AR,
DL 45 molasses [ 3 X6 1T LAECAFE B IR ST, A E1658 X7 B B ] 58 55
B e 0L B e A e AR R UL . 7E AR S IR RSP () S RO F
RFIE =278 MR UCAERTE . B4 108-10° /1 O7Rb JF T 228

23tk CMOT, molasses 5[ Bots 8'Rb Ji it — D% HI 5, B 5 1 N A 7RG
AT HE— 5 R RIS E . TEBLZ BT, TR TR T RS . AR TRb
JE T 545 B SR 28 BRI R 25 > 2 A, SRR AT LG 4 19 e RS Hahlidse, A5 F
T LG REMEeR PR A 0. S8 s G (O I I B P 0E, I I, & DR
SE AN T8 A T i R T FOA5ORE I IS K 2 B A F T 38 et S A £
Beab, i 3D MOT AN 3 Sof i I7) %Mk BB TT DAY B H 70 1 S0

2 1E DU B3 24 P @ N K/ NS 7 [0 FRL I, WA S B S 7 R o
(IEREE
3.4 WM

f£ LR EATR S, ATHSTRIETHTESAN S ERS TR,
AE = pym,g.B 4 m,g, >0, XMMETREREIEE & BN, 18 BUR/MER
s RER AR ME, X RS USRI G A T LA BIR 48 s %5 m,. g, <0, 1EULIE
G JRTREEREE B BIB/NIIE R, 78 B BB /ME ) U REE IR A, X LY
SR, ANRESMEPE AR . S R DN A b R A A R R B O
DUAR Btk B30 1 Xt T3 38 DA S ) P R e el o LA |R T DU ARG Lo 3
%, RTEZTRANI, BH M T HLH0 B iRtk e b, LR
TSR FAVES, WINNEIEN loffe ZERE. Fi& TOP BiFLA KAL) id Ya e 4B
S5 TP AR I 18 2 0 FH 2 53 ¥ 532nm S0 A G FEHETIT (L T Wk % 1)
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F R JE T BB R 3 SE AR F 7T

5 T 2 G S A0 R o AT R B AR DU AR B I R 2 AR DA S B 532nm S FEXT SIS
AL .
3.4.1 HiMHERE

FEJE TRV FE o, SR il o 75 B2k B R A i — AN DU AR A BB, Bk
24 Pl P o5 A RN T LASRAS DR (38 ' 77 1) 381, 28 B 1% el Jek /DN T DA S B T O I, mTT LA
IKYE G T EUARFFREIA TR E M o SO0 b FRATTRFH 1) R 3% 2 V8] 2 b 700, 468 25 B 1 22 114
0 TR BRI TR, H L HR )2 0B o I /KA B, el AR HRH
BN, ATCASEIUECK R . B T R 20 A RO PR T B R RN .
T 2l I 2408 6.7mm >4.6mm, JEKFLZHCN 4.5mm><3mm. BB RGN
P, ERRE T T A R A, R TR SRR T (AR BT ED
IR TGRS Nt I 10 FE A B 4 S 1 AR I N 7 %5 B (RGBSR 4t 18], 31X
PR AT CARIB CRAUFAZ R R 7 0 H A B, e fa il R 7RI e CCD g,
5o 7R o TS0 L D AR 28 P ) 8TRb R /KPR B CER ) ) BN 5 Tl 34T 40 Sl 0 =

3.9 7& 3D MOT Hxf ¥Rb Ji 1 Bl AT 4= n FP . i s, e %
P55 4T P64 R 5 T4 BRI A1 2 & . At RIS ETFIRTI, R
LI FE R B R e O R, Wi 2 B L B TR R Vi A AR RS TE], X
(i FE O RE B R A R, WESH 2R PE I L N V38N 21 Voo 233 AL 5 B P47 3R
LI 12=87% .

A

2% B L RV

Cooling)t3&

~+
v

Molasses

K] 3.9 3D MOT "} 8Rb J& T #AE (i ¢ &
EAR—HEI 2, FRAT 256 25 78 1 i ek i 2200 DU Wi 2 P Vs i B JE B 3] T
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H =8 SRb-AK SIS G I

SRb JE 7 BB IIRZG IR, 1X—HB5r WA IR DY B PR 4
3.4.2 532nm RIAE

BT PURBESE O A%, R FIES TR EiIf, D4R E el i
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