Chinese Physical Society
M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

AN DA RAIE T R R SRR
ARk WHA AT

Theoretical and experimental study of a controllable double-dark-hollow beam
Zhou Qi Lu Jun-fa Yin Jian-Ping
5| Fi{5 K Citation: Acta Physica Sinica, 64, 053701 (2015) DOI: 10.7498/aps.64.053701

7E 28 1% 32 View online: http://dx.doi.org/10.7498/aps.64.053701
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/15

RSB EME

Artlcles you may be interested in

I FH R 2R AB O 5 3 R O 2 AR BRI v v S ] 10 ' B Al e 2 v B 1 o 2 M

Improving the single atom probability by using the blue-detuned laser-assisted-collisions between the cold
atoms trapped in the for-off-resonance trap

YE=4.2014, 63(2): 023701 http://dx.doi.org/10.7498/aps.63.023701

A% A R B 20T RE A G 2 U T 58 S L SER AT AT

Theoretical and experimental study of a novel double-well optical dipole trap for two-species of cold atoms
or molecules

PP 2242013, 62(23): 233701 http://dx.doi.org/10.7498/aps.62.233701

— SIS SR T AR SRR R ML E R T R
A new mini-magnetic lens proposal for coverging the clod atoms
YE%4.2012, 61(22): 223701  http://dx.doi.org/10.7498/aps.61.223701

B TAEPINIZ LRGP e

Transferring single-atoms between two red-detuned far-off-resonance optical dipole traps
PP 2EH%.2012, 61(20): 203701 http://dx.doi.org/10.7498/aps.61.203701

WAl 2 S AIGaN JH AR A R A5 e IR E (10%0em—3) 15 %

Polarization induced ultra-high electron concentration up to 102° cm~—2 in graded AlGaN
VP 2E4%.2012, 61(16): 163701  http://dx.doi.org/10.7498/aps.61.163701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.053701
http://dx.doi.org/10.7498/aps.64.053701
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I5
http://wulixb.iphy.ac.cn/CN/abstract/abstract57775.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57775.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57775.shtml
http://dx.doi.org/10.7498/aps.63.023701
http://wulixb.iphy.ac.cn/CN/abstract/abstract56981.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56981.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56981.shtml
http://dx.doi.org/10.7498/aps.62.233701
http://wulixb.iphy.ac.cn/CN/abstract/abstract50489.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50489.shtml
http://dx.doi.org/10.7498/aps.61.223701
http://wulixb.iphy.ac.cn/CN/abstract/abstract50745.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50745.shtml
http://dx.doi.org/10.7498/aps.61.203701
http://wulixb.iphy.ac.cn/CN/abstract/abstract49749.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49749.shtml
http://dx.doi.org/10.7498/aps.61.163701

38 % 4R Acta Phys. Sin.

Vol. 64, No. 5 (2015) 053701

A DA REIIL 75 R R SR A5t

2

[ 2 & D2

3t 7

1) (REF T REWH AR, 61 344000)
2) (ERITERF IR, W#aRl = AR E R E st s, L 200062)

(201447 7 31 HUE); 2014 48 10 H 12 HICEIE R )

ST PR FE SO B IR 1 =l s AU S R ] B O P AR A L R U S i A O 1.5
mm 4237 G FLIR G BZAR AL RS, 7E 200 mm ARE SR 2 MR 30 mm, [A]BE 57.6 um, F8 3%
0.11—0.14 mm FIXUECOEH. %7 SETRI L, 7R A O R B A B BT, XU 18] i e AR A7
AL p PRGE, REE SIS Lo SR 2L RO X R AL o P8 th ) 7 S8R4T 1 SER B R4 3 5
BRARAT OSSR, MM 2 R 507 5008 T K% 07 540 R B R 186 2 INZE A BIF, AT BASEBIL AT (1 25 0 X0
BEDUOEB S e i i 55, A B AE VR IR T 1 00 1 N AR 5 5 S AU 1 SR IR 7 rh A0 3% S LA .

KR Ao, B e, Wi A H 4, 25 0otk

PACS: 37.10.De, 37.10.Gh, 37.10.Pq, 42.50.p

15 =

RSP TR T 72 T HH#RE, e R
SR AT SR IR Sk U1, AT a0 238 1 0O I AT
TG A AR A ok ()RR AR P R
IF] /> 3 € F) B Al BT % 3 0 2 B Rt oh
ANFRE (3 €8 - 57 R T 3E R SR 3 ) 25 M T 9T
32 AR R ) XU o R e A A T

12 151 )L U e 74 B A e e 3R 5 ey o B P A ke (61

XU e A 35 € - 5 DR T S SR A 1) B g 2 1) 22
R REYHAGHLHABAEBT —PMEAR
I A PE ARV D6 2 B PFAE Y, STk [8—10]
Sk SENE T ENEERAC S E Pt W S )
K, Hi TR T BB AR IO AE R R, 20K
WERDEHE R R 0 B AR SR, T A N AR TR
HE, DL, T SR A0 e AR A O e B O S I
WFE, BOIRT 20 e BRI, 5 TN AT

DOI: 10.7498 /aps.64.053701

SRR IS AL, TR 701 1 B R RSN, NAE R A)
K. 20104, LiZEWEoT 1 M 8 0% &b 2 6 R i
A VR B AR SR o B b AR A D
2013 4 Liu S0 78 1 JAE 0 20 6 R i [ 4R
RIS R ER 121 [E4E, Eckerskorn 250 5% T 450 1 2
IR G A BRI 6 e 2 G4 19, o, B o
[) 7 T2 B A R 45 ) e 2 FRT B 2 6 o bl TRV S
Gy b R AR H A 2 ARV, i A 1%
1 S ) 4% 3 A 110 28 2 v 2 e o T LA A [
SERE [ R R ol o V0150 DL IR e 3R R s o R
PRGN M Akl 3 6D 252 AR Q] [R] A 3R A5
A m AT AR M ) U DO R — B A R
e, ARSCHFR T —Fh e A0S O = A &
FESLIHIT 1% SR AT, 2T U DO
FEJR T 3ol INZESE T A A s A
() 2 FH A, et AT BLA T A AT A R A 0 ROk
BE, AT S BROUURE it J5 5 B 23— R DN A ) S AH 56
I SEEGAIE AT

* EFGMRRIERS (kS 11274114, 10374029, 10674047) LA T TRZEH AR FTIE (M5 GII13465) ALK

REPNE TRl 2 5 HOR B R m S S T OCRE  A Bh R

T #{E/E#. E-mail: jpyin@phy.ecnu.edu.cn

© 2015 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

053701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.053701
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 5 (2015) 053701

2 HEHNEZORKEY HE
2.1 [RIBEIA

7 A B IR BN R B T 2 — R AE
— B &G & N BA 8 S 9 R AR AL 1 1
FABLAR, FHAL I #1158 BN 0—2m, R AT LUAA
2 A, AR TN B DN A% A R O Bl
B IR A AL A N, RITE B 2 0o L
17 2 J& 34145 B0 A0 S5 3 f BIT 2 1l ) 2 0 06 A £ 22
FETOUER B EARAR, BEE H8CH g, =
COLE B, FT R, Oy 7t H
PO, BATFEIN A _ER XU 10— 1.477 /Y
AR AU AL 1 (1.47 ZHCR S KEEE T 50
SE, LI SOLE IR AT i dF), SR ekl 1t
SR AT A EONE, TAETAT TR P B — 5%
HL G BE F IR, A Lo A B 1Y
[E1) B b 8 ] 0 T ) B PR R, A AR S 1 i K AR o
L47r BT3B 2m IR AR, XOGE f DAL E DY
At Rz, A e o> AT R AL 59, H AR
WA LINE AL E R EEA, AIF R LIEE.

NDF(v)

10/0.25

500 mm 160,/0.17

SLM
L3 CCD

200 mm
1 PR ORI R E

B 1 SEBL AT 42 RS O R DG B R B
AR TSR SEIR gL, FATRM BN = 632.8
nm K ZURBOCTENIGIER, S5 2l PR sEim s (7T
AF)[Neutral Density Filter(various), NDF(v)]. =
(B (F A H B8 Ly, 10 pm NFLAY 3BT Lo 14
)~ [J T 3% L (round hole, RH), HE 5 2 i =
B e 2% (liquid crystal spatial light modulator,
LC-SLM) I, & HLA= 55 00 B 5 i) A8 A7 3 il
PR 7 AE LC-SLM & b s b, W&l 1 i
KR, FESEIR#RAE S, 9 T 20 AU Lo &
RATHSG, FRATIEAE AR AL BIAE BB T — R

MHETRE, LUK BT /5 AT S B 5 F 40 00T, ek
R 5 P2 B L 2R, 2% (i CCD ZEATHLIN.

2.2 BERHESSHR

F B Lo ¥ Wk B 5 B P42 1 K T RH AL
12, H 220 NS, BAMERGF TG H A
B LC-SLM HI1E I, 4t RH &, NG CBETE
LC-SLM Bt %&b 52 21— AN XU 1151 1) A A7 8 il
DLl A AR s, 7K T 1) Ay AR A, D00 8 ) ek
WAk bR RIE N

g(r, ) = cire(r/R)

y explipy], O<p<m), )
expi[p(p —m)], (M<¢<2m),
:/H\:EP, p = @max/n%*a{jﬂﬁﬁﬂJ%y ©max y\j*ﬁ'fﬁ:
W EPR, Hp = 1478, XN XU B 0—1.47n
) Al AAR AL R, T M p = 2 B A A
cire(r/R) N RH {15 £LiZ 1T 2 R 4,
circ(r/R) = {17 rs (2)
0, r>R.
PG IE I R T A2 AR AL U i e A
(R ), 637 B 5 A8 2 (B 1 63 0 A T R FE TR HEATT
B

U(z,y, 2

== //g(r ) x exp{ {(w’z’ +y?%)

x (Z - f) 2t yy) Z‘Lyy )} }dx’dy', (3)

Hoh, ANANSLEIRIE, foNES Ly iR, o/,
y'(r = /22 +y2) NRATHIFIH E AL, z, g, 2N
G2 [ B A AR PR, FEB S AT L, e Al

U(z,y, f)
=57 [ ot
X exp {— TW do'dy’.  (4)
S REBRBE AT I (2, y, f) = |U (2,9, )]

FUF3(3) A1 (4) ToVEAF BT 45 3, AT I
BEAT T HUE SRR, R WK 2 For. S IEREUY
THESBH I NGB ATL, = |A]® = 1.27 x 10°
W/m?, RH &EWFLFEE R = 1.5 mm, XUE G

053701-2


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

32 % R Acta Phys. Sin. Vol. 64, No. 5 (2015) 053701

@ 15
a (b)
5k
0.15 1ol
0.10 +
0.05 or
g
g o} £ of
> Y
= —0.05 | s
—0.10 }
—10}
—0.15 | 0
_020 1 1 1 1 1 1 1 715
—0.20 —0.10 0 0.10 0.20 —-0.2 0.2
~/mm
0.7 ¥
(d) — JKHR10% W/m?
0.6 ---BBIEELOS W /m?
<o 11018 W /m*
i \ i
= b 4 =
Iy \ \ \ I
i : ' . =
E=S FR} H v %
. P A .
B o_01f RN RT =
2 SR TIRNY. e
-0.2 T ——sm108 W/mz“l ".‘;"'
o | - BBEL0T W/m?
=03 .. Fﬁii‘—ilolf W/m?* ) )
—0.2 —0.1 0 0.1 0.2

z/mm

z/mm

z/mm

y/mm
z/mm

-0.3 —-0.2 -0.1 0 0.1 0.2 0.3
z/mm

-0.3 —-0.2 -0.1 0 0.1 0.2 0.3

y/mm

2 WEORERIS TSR (a) B TEDEESEMAS M, £ = 200 mm; (b) e FHEHRS FL M, f = 200
mm; (c) fEFH 2 = 0 mm &b, y Al E6RR K& ILER R #5040, f = 200 mm; (d) £°Ffl y = 0.0288 mm &b, = 4
OGnR R R L thF3 AT, f = 200 mmy; (e) 5 (f) £FTH S5 OGR-F I _E RO B AT (g) A (h) AES Ls £
PE f = 600 mm I, AP IATGHI 'G5 % B 4 A

FARL SR F p = 1.47, &85 Ls £58E f = 200 mm. [ BE A 57.6 wm; FAANZS 0o A2 17 R 96 FE (Width
2 (a) M1 (b) 73 ll45 th 1 5P 1H (zoy FHI, 2 = f) of Dark Hollow Beam, Wppp) £)0.11—0.14 mm,
HMOCHRFI (zoy P10, EFEAE AL 2 = 0) BG5RSE SRR 3G (2 05 17 RTWK Ty 75 1), Al o) A6 2
r A B AT DL H SO Uy J7 R RS, JRSFEH30 mm. 7EKE 2 (c) F1(d) H 44 H T ok

053701-3


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

Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 5 (2015) 053701

Wyl (z = 0 mm) Mz i (y = 0.0288 mm) H]—
Yoy At oL, B REBDGaRes A R EA R T o
TR S AH S NAR N EEER, %
H FRATTIE R I 25 T O R FE A it 2 0 40 A, Wl
SRAF I Fpe R B AN it 26533 0 2.37 x 1013 W /m3,
2.45 x 10'® W/m*. 47 3R IO H i,
AR A B R AR BE B 8 Ls, &2 (e) F1 (f) 239
T Ly BN f = 200 mm B £ P 1 _E 5Ol dl
ST B )G RR S BE ArAT E E 2 () A () I 43l g
H T Ly RN f = 600 mm 75 A& i A% 5l 1
T G5 B o AT, S BN 250 6 A PR P )
0.25—0.38 mm, 4l [AG BOR #2300 mm. H
WAL %07 R A AN S R e B HL G TR
fras G

TEFR 1, BATFIH T B 2 (a) Hoxf R 2S00
EEBEAISH, Hodrg NARERE (B 02
BRI T o FEES); DSS ARG B RS (BB O 2
AR I o j2 BRI ); W AIATERE (RBEA AP I /e
fEE); Ry = W, /ro A OHER 2. @il kE
HAE TR AL, AR ro, DSS, W, Wpns 5
RHEEALE R D = 2R ¥ 2 10 F B &:

_ 5,0
Wo =6, (5)

Hir, Fhrn il &R LRSS, 6, NN
EN R, WK 2 Pk,

F1 O WEORFJUTRS, BXAHFED = 3 mm,
f =200 mm, \ = 632.8 nm, HAMFEHIHFT p=1.47

ro/mm DSS/mm W,/mm Wpyp/mm Rg

xJ7  0.0368  0.0360 0.0622 0.1416 1.6902

y 7 0.0299  0.0298  0.0532 0.1110 1.7793

F2 FOERIUAIRTSEILE D RARE, f = 200
mm, A = 632.8 nm, FHIFHLTERE 0—1.47n

5r0 5DSS 5Wr 5WDHB
x J71A 0.8708 0.8551 1.4718 3.3545
y J7 1Al 0.7089 0.7020 1.2581 2.6315

3 SLINNE LR oA
3.1 FEENBILHR

N T IRAIEF R THR A ZE R, FATARYE B 1 s
JCBR AR TSI B OFHET T SRR IR, RAIEK

700 mm A0 A FBOEERE N GIE, %
25 mW, BLA 55 1) TEMgo fidi . LC-SLM i f
7 & Holoeye A @427 ) LC-R 2500 5 5 20AH A7
BRI 2%, B MR A RE 814 31 1024 x 768.
B 1Al ik 28 PR T 95 NS s ik U7 ) 5 LC-
SLM il 77 [ I FC. 7E 3% 5% Lo 5B 1 7E F A2 9
W TR HEEL, M= AR — AN R AT AT s
IR, St RH 5 B LO-SLM 247 1 1l f
SR, NGRS e f s AR /N T 50 (RYE L )
B ARAIE RH [5O3 A O o 3R i) BERE 7 ot 58 42
HE, REHAE Ly 282 CCD AT 5%,
R s 2005 5, M DLk G 5 28R T 1) BB
ST TR B AR A 10, R AR AR A A e Bl B
FRERATH G, JyiETT S BE 2, FRATTE IR
A AL ERE BB I T — AN 2 75 ) R B 2 I
i, e E 0N 10045 % (19 um/ B K), kR
WmE 1 aEE AR, DUE T2 E90E LC-SLM
TG AT S e AR AL B TR, 7E S8 A A W
HEWFAFOAE 2 = 04, E3(a) 28T CCD
PP % B A T TR s A, [RIARAE SE 56 2
Bt HE S S R 3 (b) . B3 (a) H AN
()55 5 B AR BT i 2 40k, vl L, SR
ANTH B ZF GO0 (1) 52 e, 2 56 o D DLW ¢ 3 B O
EREOERMIL R, TEAM SR AT, BATIE
E— X RN ) R DG 5 AT AT T, A5
W 3 (c) Pz, 2 fe 675 1), o Aibsly —0.3328
mm, AHN NS4SR 3 (d).

XL SEIS HER 45 R, SRR G R, SEIR
D2 007 O SR AE I 23 350 23 W K |l T BRI 45 R,
x J7 I B RST (DSS) SE3 BN 52 £ 5 pm, XF M
IR 37.9 um, HAIRZE2T%. REFEN
SRVRAE T o6 e BB 5 A 7 B 0 6 ) R )k
FE. BTS2 2 A I R 1, R B B Lo XHEOBHET
HEER, RATREATF G REEN (292 m) 31T
TRHE, SEINEE TR OG IR AR EAE KL FLIR,
2 [ 6 A 2 PR A R ) it 282 AE LR M 1Y, TE IR %
SEHS P 7R T M, FRATTX 12 A A ) 2k
17T G, BUE R Z BT B S 8O S 6 B b
FERIREAME LG, BEAb, FRATTIE 2 I B I TR
AT 25 0o R FR A 38 B — 8 B2, AT 3 (c)
A (d) HeT LA e D68 LR BE B ORI H 3 —
EFEE R AAEIE.

053701-4


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

Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 5 (2015) 053701

(a)

0.15

0.10

0.05

y/mm

—0.05
—0.10

—0.15

-04 —-0.3 -0.2

z/mm

—0.1 0

z/mm

y/mm

K3 20BN SHEIeL R EE (A = 632.8 nm, f = 200 mm, R = 1.5 mm, p = 1.4.)

y/mm

(b)

0.15

0.10

0.05
0
—0.05
—0.10
—0.15
-04 —-03 —-02 -0.1 0
z/mm
E
~
N

y/mm

(a) £ FH

(woy) SEHHHE; (b) FEFIHEIRME; (c) JafT7 M (yoz “FIH) SEIAHE; (d) Yakhr I Eie (A

3.2 WELHAEF| BT LHRAVENL

B 2R I LC-SLM A Ay AH A7 18 il 25 44, 7T 4
T2 A0 S I P A5 002 O R R B 4% 5 A O
A RE, [ EF IR R A5 (6 b S B2 o0 e A 3
O BT AL FRATT R IR 22 51K 1va) X 1 AH A7 178 il
7 p A 1.4 B3 5738 in 1) 2 f 3 f v, SOBE RN
P 2N WRDN, HOEE 1 0 BB
5 AR X0 E 56 A AR O, AL,
SRR AF 220U B A ) (1 O, SR K4S E
— AR KBRS . 5 —Fpis AL i
JTE U p 1D [ B 35) 50 0% 0L HH 5078 Sy ) 1)
0—2m [ AL 1, I 5 WA A =06, (=
I S 5 XU AR (1 23 Do A B, S0k
MEARE/N. B 42 T RS — PP A 7 2R XY
FEAE 0 A AR 5 5 R I R T p Z AR R,
HIG AR B HON A = 632.8 nm, f = 200 mm,
R =15 mm, B4 (a) BEIBITHE R, (b) Z5LK
MELER. B 5 WA H T RO6E O A EERE p 156
R, BRI R A R, 20 B D S I B
ol FEVHEBELRAE R, FRATR A DU e A B Ty
X ZE AT AR BT EUE T, d I TH SRR B R

EHN0.01 pm; LI HHRE S CCD(Infinity2-1.4 M,
1392 x 1040, 4.65 pm) FEATIH 7 HER KGR, I
FI FZELE 6 5K MG T 507H BG4 G R 3t K (1

=
R
17{
g
kS
1.2 1.5 1.8 2.1
P
300
(b)
200
el
X
2
* 100}
or
1.2 1.5 1.8 2.1
p

4 JOCE LT LGRS p KR
R (b) KL R

(a) HiL4,

053701-5


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

) I % R Acta Phys. Sin.

Vol. 64, No. 5 (2015) 053701

2. EHEEALEE LA R RATHOCRE b0 B E
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Theoretical and experimental study of a controllable
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Abstract

A novel scheme is proposed for a double-dark-hollow beam (DDHB) based on non-full-range phase modulation with
double-period. Upon illumination by a collimated He-Ni laser beam shaped by a round hole with a radius of 1.5 mm,
the DDHB with an axial length of 30 mm, a width of 0.11—0.14 mm for each dark hollow beam and their separated
distance being 57.6 um is generated in the image space of lens with a focal length of 200 mm. The proposed scheme has
the advantages of simple construction and high controllability, and the separated distance between the two light pipes is
only dependent on the factor of phase modulation of p. Under the given conditions, a reversible evolution process from
a DDHB to a single dark hollow beam (SDHB) can be realized. Experiments for our scheme are performed, results of
which are consistent with the theoretical ones. A valuable expansion of the application of DDHB in blue-detuned optical
trapping is also discussed. Double and four well hollow optical traps, even the hollow optical lattices can be obtained
by using various spatial combinations of our DDHB. The proposed DDHB is expected to play an important role in the

study of trapping and manipulation of cold atoms or molecules.

Keywords: double dark hollow beam, atom optics, liquid-crystal spatial light modulator, hollow optical

trap
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