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Fig. 1. Intensity distribution of the Airy pulses with different initial incident velocity in free space: (a) vo = +3; (b)vg =0;

(¢c)vo = —3; (d) the intensity profiles of the self-decelerating Airy pulses at different distances.

R(ry) = Vary" LIl (2rf)
:\/irllmlf(\ m|+1+n)
n!I(|m | +1)
n ARAAR I AT AR AR ES B, n=p/4—|m|/2.
WIT75#E (3b) B AT LAZRIE N
Po(ry 0, 2) =V2[\/C(Z)r]™(Z — i)~ Crtimi+D
x L™ [2C(Z)r?] exp(imy), (8)
B LM RC(2)r2 ) ) XRLE R 2T, nfl m
R E H TR IH— L RO DA R
kit R b ORI 1 4548 43 A, 2 H ok 1.
LEATRR (4)—(8), IR (1) W& B =g T
PIFRIR
Ynm(r, 0, Z,T) = Pumta(r, 2)A(T, Z).  (9)
T (9) #EAR M2 HR A6 AELG 76 A H
23 ] A% A I 1) ik BT A 6 TR 2 B0 Tl
(nl,ml) Ml (n2,m2) MR H i AELG 2%
B, F OETR AT LAy 2951
P(r, ¢, Z) = sin 01,1 m1 + €08 02 ma exp(io), (10)

Fl[(_n’ | m | +17T1]’ (7)

0 RIS MOCHO R AALEE P, AR XT38 2
0 = arctan(\/I, /L), X H LA I IG5t
WIDEERAN, S5 o I HA IR 2%

B B = ] 3k & = Bk AELG
R o

JiFE (10) B, SR A4 10 H s AELG 't
WY A S2 IR AR R m, n | ABHEEE B
7 B i B AU R T 0 0 bR AR A 22 6 1 52 ).
K2 7R T P AS [m) A5 2 48 Ry i s 3 ol
AELG A0 2 A4 I 7 A7) fe 4 i 9 it 1 i
oA, Horh £ A BB AR £ o g = 2,
no =1, my = —1. B8z, y XA E AR, TR
IFEJ AR AR, [ 2 BSE —AT X T me =1, 55 AT
XN T mo =3. WAK, A =S B PR I Z L R iy
25 A IBE ABLG G, fEf&kmid 2 ot i gt
SREB IR, U TSR omy BN, S
DCHA A 18] 1 A AR AN 3 4b, AL
R AR T 2 BB A i B 8 A 8 P 22 B 5 1 i

024204-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 69, No. 2 (2020) 024204

(al) (a2) (a3)

=

T
G OB WO
—

¢

T
AN O N 0O

Y _5_5 X Y -5 -5 X

T
—
GV OB O WO
—

T

G O N O w O
T

[ Ul = U RS

0
-5 -5 X Y -5 -5 X Y -5 -5 X

Y

Pl 2 WIS 2 [ s AELG Ot UM 2 e il o B % i B 80 1) T 5 B AL 1L (), (b1) FEHRBE Y Z = 05 (a2), (b2) f& 4 M
Z =0.5; (a3), (b3) fEHIFEE 7z = 1. SOLH MBI EN AN (al)—(a3) ma =1, (b1)—(b3) mo = 3. HASHALI 5N
n=2n2=1m =-1,0=0, 0=n/4

Fig. 2. Iso-surface intensity plots of self-decelerating collinear AELG wave packets at (al), (bl) Z =0, (a2), (b2) Z = 0.5, (a3),
(b3) Z =1. (al)-(a3)mz =1, (bl)-(b3) ma = 3. Other parameters are chosen as ny =2, no =1, m;1 =—1, 0 =0, 6 =xn/4.
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Fig. 3. The intensity and phase distributions of the self-decelerating collinear AELG wave packets at the profile during propagation.
the first and second rows correspond to mg = 1, and the third and forth rows correspond to mso = 3. The first and third rows
show the intensity distribution, and the second and forth rows show the phase distribution. the forth column corresponds to
Z = 1.5. Other parameters are the same as Fig. 2 except T'=0.

024204-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 69, No. 2 (2020) 024204

(al) (a2) (a3)

—
T

—

aN O N D w O

T
NV O N O WO

(b1) (b2) (b3)

—

T
SV O N O WO

0 0 (s ST
Y -5-5 X Y -5 -5 X Y -5 —5 X

Bl 4 B EGEE S AELG G HRILLR £ A [RA B A9 s BE Ak 8 (al)— (a3) fEHIEE R Z = 0 (b1)— (b3) fE i HE &
Z =1.(al), (bl) X TAER 6 =n/4; (a2), (b2) X W TALE N 0 = n/2; (a3), (b3) XM TALE Hy 6 = 3n/4. oAb S 501E 53
R n =2 n=1ml=0 me=-2,0=0

Fig. 4. Iso-surface intensity plots of self-decelerating collinear AELG wave packets at (al)-(a3) Z =0; (b1)-(b3) Z =1. (al),
(bl) 0 =m/4; (a2), (b2)0 =n/2; (a3), (b3) @ = 3n/4.Other parameters are chosen as n1 =2, ng =1, m1 =0, my = -2, 0 =0.
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Fig. 5. Iso-surface intensity plots of self-decelerating collinear AELG wave packets at (al)—(a3)mgz = 1; (bl)—(b3)m2 = 3. (al),
(bl)o =n/4; (a2), (b2) o ==n/2; (a3), (b3) o = n. Other parameters are chosen as n1 =2, ng =1, my = -1, mg =1, 0 = /4.
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Fig. 6. The hollow Self-decelerating AELG wave packets. The first row corresponds to m; =mo = 1,n; = 4,n2 = 2, and the

second row is mj1 = mgo = —1, n1 = ng = 4. The third row is the distribution of intensity corresponding to the second row at the

section during propagation. Other parameters are o =n/4, 6 =n/4.
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Interaction between spatiotemporal collinear self-decelerating
Airy elegant-Laguerre-Gaussian wave packets in free space
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Abstract

Based on the (3+1)-dimensional free-space Schrodinger equation, the analytical solutions to the equation
for the propagating properties of two three-dimensional collinear self-decelerating Airy-elegant-Laguerre-
Gaussian(AELG) light beams in free space are investigated. The different mode numbers, the mode index for
each of the collinear beams, weight factor of combined beam, and initial phase difference will affect the profiles
of the wave packets, and thus giving the method to control the spatiotemporal profiles during propagation. The
spatiotemporal profiles will rotate if none of the mode parameters are equal to zero, and there are vortices in
the center of the phase distribution curve. If the mode parameters are positive numbers, the profiles of the
beams will rotate in a helical clockwise direction. Otherwise, if the mode parameters are negative numbers,they
will rotate in a helical anticlockwise direction during propagation. The wave packets will also rotate when the
relative phase is varied. However, the rotation principles of these two rotation characteristics are completely
different. The spatiotemporal hollow self-decelerating AELG wave packets can be attained if the mode numbers
of the collinear AIELG wave packets are the same. Multi-ring structure evolves into single-ring structure along
radial direction with their propagation distance increasing during propagation, which makes the hollow part

expand continuously.

Keywords: Airy-elegant-Laguerre-Gaussian beam, spatiotemporal self-decelerating wave packet, collinear

propagation, hollow beam
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