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Effects of Substrate Diffraction on Evolution of the Atom Wave-Packet
Probability Density in the Focused Laser Standing Wave
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Abstract Based on laser focused Cr atom beam deposition, the simulations of effect of substrate diffraction on
evolution of the atom wave-packet probability density in the focused laser standing wave are done with scalar optical
diffraction theory. The results show that such effect will vary with parameter b, which stands for the distance
between laser axis and substrate surface which is used for deposition. Compared with non-diffraction, the central
value of the probability density distribution of the atom wave packet at the focal plane will be increased and its FWHM
will be reduced by substrate diffraction. When b, =—0.2w, , the focal plane of the atom wave packet coincides with
substrate surface, and the probability density distribution of the atom wave packet has central value of 1.26 with
FWHM of 5.62 nm under diffraction, which are 1.1 times and 0. 94 times of that without diffraction, respectively.
Key words laser technology; laser focusing; scalar optical diffraction; atomic wave packet

OCIS codes 020.1335; 020.7010; 050.1960

18 = L4 B 5 R AT 5L IRT 070 BT R
20 HH4E 60 4F A LSk BB OB A g ge o o T BHERORN U5 BESR ST 3 R
AT RO SR W s gy T DO RURC R S (LR B R JT A A R

WA/ B S S T G L B B 1 B e 8 A AR W 62 TTie R B IR DT id B T B B e &

Wi BH: 2012-06-11; WEEXHEHE: 2012-08-05

EE&TH: BHE AR EES (109722100 HiTLA B ILAA 1R (2011R10094) (#1148 A SRR 34 (LQ12E05018) Al I+
VT R RN TS M R 5 BR T S 56 S I O 42 (ammit2011A-3) WE Bh iR,

EE BN sk ERA978—) F A PR, EFNF R FOLZFE AR F A5 . E-mail: zhangbaowul978@ gmail. com

1205003-1



2 i

PEA BT B o FE T 00 5 0l o A g K i i 4
SN B R JE R O 23 B P R T TR R B
A EHEA AT B RLEF T L R I R B R AR AR —
2 29 A I 45 R A A HE D1 g S Bl A A K A
77 T B RGBT

0T ARAE R HRE G L RE A VE ) S RO BE Y
JesE B A N RSB, S50 o — B SR AT Y
2 RPOE A v 2 A DU TR AT
BUHIIE A XA R R . HOEaE R
S 23 DR AR (0] RH A B B R s R T
JeWe Y. W TR A TR OG5 1 R 2
2 mm, [ fE FHOEHR M B HAR AR 0. 1 mm, 4
IR 2 2 REOLR R —F . BEIEFE
JE MO R BAR R BB ik 2200 BT E
Z AR BT EA AT A A B R . IR R R TR
AL R ) 5E 3 0t 22 52 B AT 5 00 #) R W Ji
e X R 2 R RO I L2 2 B AN R
FEATEHE B0 T 328 ShoR A L 32F 10 49 K YA O BURG B
W, L. BF 58O IE B Tk R i AT
RO Y 52 W X 0T 22 3R R P D T TORR BOR R U AL A
FEHEEMEL,

ARSI 2 B 7 RDTRO ] 32 b i
YRS T BB H sl ad BOE T S EE B
T AT S A PRI OO B T I T 2 R
JCRE I S LA B AL B0, Hoh RS 1RO

T 53 R TURER I BE B 00 XSS BRI

2 BB HT

12 T OR 2 TR R T DR B v 2 R
S okt L e P4 5 2 B R L O R L R
BT = B A4 L 2 RO«
TE 7 14« 2t b, F67R O i 42 I 0
T 22 [ B B s

-
v retro-reflecting
; mirror
focused laser v
beam -
v
\/
e P P L
-
bo [ r’ x
’\\\\\\\\\\; v,
L
substrate |2

BT 2RO R A BB ) L O R
Fig. 1 Positions of focused laser beam, substrate
and retro-reflecting mirror

MIEL T il 4R ok 4 v O SR A A B
K 2frs . Hoh BE R TR R AL T 3 Co N K ST
RIE 1 R 202 T o B il 2. /0 E LA
SRR 31 Cryozy << 0 Y 110 X 35 6 AL
3 FFmACER e RGN R E.EfCREREZ
AT R D0AR T DX IR B — > B B (A
yPo2) K F M E = A1 AH 517 HalE 5T« b

r

/E

Bl 2w ot ol B AT G D 3
Fig. 2 Principle of Gaussian beam diffraction by straight edge

A JE TR AR AT S B AT A A SHIBOCEL IR IE R N o B B P SRR o
E(P) — Mﬂmm o2 exp %[u—zm T (y— v’ TV de dy, s (D

1AI 1

KA NBREBEAANL. b = 20/X W AFHOEHEA R
R BAREERSE NI S 0 C[—oo,00];
2 C[* OO’O];EQ(_}/1921) yﬂfﬂﬁj\lzf@ilj\]ﬁ—:%%g,ﬁ

Q M EPRIE AN RGN o Rl SRS T4 R
qj‘b (@) ,‘f—iﬁ ,m'J Q)ﬁﬁ@%ﬁﬂiﬁﬂﬂ(ro s V193 ) 9Q1'»J—:?\
XS F RSB 8% QA bRl KLiE R (— 2051

1205003-2



i

BTSN 22 SR RO S 8 DT D LR R A B R TR

20) JRFEDE B P SRR Ny (a2 JUE AT Q A
RIS N o = x— 2, P SAQ /5 Y HE B 55
Max, =x+ 20,
XA ROk UL, BB IX 3 i At
— R Q W HRIER RN
EQ(yl ,21) :w%;)exp[*
exp{i/z[IJr%]}, (2)
X E, ABOGH R ERIE  w () Ry« 7 4b
TR 42 . R () i o o AL S o Uk T il %
FAz,
ACAE- W AWNEDE W IEIECE VNI § 2P0
R NGRS R DU R LB T . M
AT 18 B B 2 B B S O SR A
W o BT USRS I8 38 ek B S B A B AR
PR BAE P A ERIEIC N Ey (P) . X
R AT 5 R0 S5 AT i 3 A 8 S S k23 TE B
SRy . Hotag Rk AN
[ = [Eq(P)+Eq(P)][Eq(P)+Eq(P)]".
(3
He (30 A A B 2 T T 1Yo B pF 3 5k L0
AT LAAS B AT S DL R 2 RO IEBOLHBE R
ik

(z1 — b))+ 41 }X

w ()

hA I I
= 1 ¥ 5 . . 9 .
U 5 h{ + I I 4A2:| 4)

2 i R BR LA 2 B35 B 5 B A S ORI R R
LD R EGE R B ARERTE L I, 1 BRAT (1 4 AN
SR

it de Broglie & & . S WY = i 7 1) L F- 3 1
R, B B ST BRI G e — S 1 R T
B — I 2] A R — {7 RS Y LS AR AE 2 O 1)
R A B A R R0 2 i R
— B W) Uf - 2 3 DA AL AR R 52 PN D R Gl
YNGEE PSR

1 xt
exp (* ‘ > X
o, V2% 45°

WU(x,2,p.st) =
exp(ik. 2 —iat) . (5
Roft o, K I BRI Sk, KT
BALL R PR 0 R T PR AL RE IR 0 A
1% 1 I} (8]
SCHRLIS JEA S T 2 WO IR W 5 v e 1 18
B KU e P O A Y S E 1 O R D

P RS i
D) = <a§;§4*b%;j)®(x,z), 6)

A a= %;b = %U’m HNIRFRE.U N
RFRIDCFRBE D, 2) Ry ik sR B b 5 i8] G 56
575

FETFU BB MSH SCEk16]. & e i S
i LUE S BRI 0 304 TR 4 28 0 4 R OE 3R bk
R AR 155 D0 » 35 S T A5 1 265 S R D1 0 (0 4 % LR
W P=|0(x,2) " RER . BIAE— 0 AL T
A 1 JL 2% 2% B DA B JL 3R % B o A 1 b ELAE Ry
b 5 o P O 425,55 nm, SRR 42
0.1 mm, KN 3,93 mW, 58 7l 20X
250 MHz; JitF I 9\ 1] 7 B3 ol 960 m/s, i 7]
KHf N 0.16 mrad,

3 KA

BE R A7 A OL T 22 R OGEE B 2 A eiEan
B3 . B 3Ca) Ay 624 34 BE— A~ JE U P 11 = 4k
G546 1B 3(b) a2 BRI B 3 (o) Ryl
PBFAE = 0 MR N AT = By 5w B 401 18] 3(d) Ry
HeFHBAE = = 23 B NI o FhA S8R B o A Sk R
DURBRIENA T 2= 0 FHN .S b = w,, HH
w, NEWCHRBREN 4, TR B 44T
FEL 3 5% 7 1 AR AT S5 000 R 64 e BE

Xt LG L3 FIEL 4 0] LIVE RE R F L B AT S
BRI DL TG AW T SR . ATy
] b A5 AN 2 5 ) O 2 BB B E D 1 R
CILIE 3 FIE 4(b) L [ 3(DFE 4D T 75 B
B 1 b AT A AE S S AN S e 2 A B I
B AR AR WK 3O 4(e) ], At 3R
AT 2 M8 510 2 2 W 6 58 8 30 2 A 1 0 o 44 7 A i
MRS LA 3O FIE 40 ], I H 2 ms o Kok
Rk B KA LR 3CD R 4(dD ],

AT 5 A WA AR 0 o D U A 28 e A
B IS A AR B A 5 s, Hedr I 5(a) L (b) 43
591l oAy 35 R A G R B R A S e I A 3 A A R AR
ML B 5 (o) R AT 5 75 B FP S 00 IR 1 I AL L%
B HE FOG 2 FBE O B AR =50 X AR N < 07 1)
AR ARG BL [ 5 (D) 25 T 17 595 75 A 0 R
T LR RO = B e S R LI
K 5Ca) FE] 5(b) == 223 AT 3T o« J7 [nl 1Y 22
1 B

B S BoR  AERRHSE, R FEEEEE
SERERE LG ER S LR S B, I
HL XA 23 BT 01 RO 2 S Bk de R AB 22 B — 5 Y BE

1205003-3



b & % i
> 0.4
g .
g § 0.3 g_
g ) 0.2 §
~ 8 2
01 &
2 /-4 ym
0.5 0.5
© ()
> 04 > 0.4F
Q <]
2 Sl
3 03 503
g 02 S02f
IS IS
~ 01 &1t
0 0 ' ' ' '
)1 3 i) 1 0 -0.50 —0.45 -0.35 025  -0.15 -0.05 0
2/100 um x /2

B3 ST SR EORIE R RBE . (O 6B — A 0 = 425 5 (b
BRI s (O 2 BHE =0 W T = B 10958 BE 20 A 5 (D) L2 BB AE = =23 WA NI o b 10 588 B2 0 A

Fig. 3 Optical potential well of focused laser standing wave field with diffraction. (a) 3D structure of optical potential well

within one period; (b) vertical view of optical potential well; (c¢) intensity distribution of optical potential well along

z direction at x=0; (d) intensity distribution of optical potential well along = direction at 2=23
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Fig. 4 Optical potential of focused laser standing wave field without diffraction. (a) 3D structure of optical potential well

within one period; (b) vertical view of optical potential well; (c) intensity distribution of optical potential well along

z direction at x=0; (d) intensity distribution of optical potential well along x direction at 2=23
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Fig. 5 Evolution of the atom wave packet through the optical potential well (b, =—1,). (a) Evolution of wave packet with

diffraction; (b) evolution of wavepacket anthout diffraction; (c) probability density of wavepacket and intensity of

optical potential well along = direction at x =50; (d) probability density of wave packet and intensity of optical

potential well along x directon in focusing plane
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Fig. 6 Evolution of the atom wave packet before and after the influence of the optical potential well (b, =0). (a) Wave

packet probability density and optical potential well along = direction at x=50; (b) wave packet probability density

and optical potential well along x direction on the surface of substrute
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Fig. 7 Effects of b, on evolution of the atom wave packet with or without diffraction. (a) Changes of distance between focal

plane and substrate with b, ; (b) changes of center ralue and FWHM of probability density with b,
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