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Optimization of three color laser field in order to achieve an isolated
attosecond pulse by using the effect of different envlopes

Sahar Bakhshi, Saeed Batebi, and Forouq Hosseinzadeh
Department of physics, University of Guilan , Rasht

Abstract- in order to achieve a short attosecond pulse in this article ,we solved the time dependent 1D Schrodinger equation for
a single helium atom. By calculating the modulus squared of Fourier transformation of the induced dipole acceleration, we
succeed to depict the spectrum of high harmonics for one-color , two-color and three —color laser field . By superposing several
harmonics near the cutoff region, in the three-color laser field the isolated attosecond pulse is generated. In the following ,we
considered the effects of different pulse shapes. With the use of the best one (sine squared) we succeeded to generate an isolated
(79) attosecond pulse.

Keywords: Cutoff, Fourier transformation, Isolated attosecond pulse, Pulse shapes.

oy

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1226-fa.html

[ Downloaded from opsi.ir on 2026-01-08 ]

WA o VEIY OlRl SS9 (5)9ld 5 (cwiite 1S retd 5 SHF 9 9 Sl (ST g 5 Cen

oiSee ooliiul oodl ax g 5l Slosle 4

. a2
iy (z,1) = (%+v(z)+ E()2)y(zt) M)

o odd Llgan e fsly V(Z) g Al Sles poaS

Al

_Z
Vz? +a’
Ll 0030 5 Ll (@ =0.5) 9,5 5,90 515 eiloas Z
Sygar () dus 3ol 0ol a8 )5 a5 jo a5 (g5 Gl
5L (o)

V(2) = 49)

3
E(t) :ZE f (t)cos(wt + ) ")
i=1 i ! i

o5 AW ey T Glae s Eas
I ]
VLIV PSS ARV
5 Jsl IAS kel o slpoad a8 3 S o g
2Bl (oo (g8 gy D g o
t\2

f(t)=(-2In 2(;) ) )

| .

1

(ddon m 50 Ly pled) )5 Olawe i Q*"f
59 audlys 08 (TDSE) sove J=3l w(z,t) acmlxeb

epsbe Cevdy bl b cndijal (6655

—dv
d(t)=<WIF+8(t)|l//> ®)

Sl odadgs Gl 4,98 Jos e L Siales il

T .
1 —IWt2
P(w) = —— | d(t) e *)
P(v) |ﬂ£() |

HB o Sigayla 5l asiye cnaiz 8 oon b ailisl oo

doudio -1

9 yiar 3025 pole slo ad e 3 le ans Joboyo
ol l> wl> gied g 6500 o3l ooguse Byl 4y iy
sloul gl ye5 wo &bs Shewlgz laceisls ol plo.cnl
2z 4l o alzse b L YL G55l L alssisd
AV gwgdan g (Saiis ;o b pg Sl iz > gl
S VL ade Sseyle adgi Gy Sl il (e
2 Jols a5 4l slendly 51 g llad Sy oy (S
2iSen ol 3 asly (oo el ,3) lS B 50l olass g3
D]

Olej Do oS 398 (oo S (5)98 ol & 4T L
Syl S Job ailigl v o Gl Jsb S 5,38
G 0,5 aglie (S) L 1,1 4lgs oo (VAS)! g a0
ok o plp g 4 (A9 cons Jie 4l Sy a(las)
B g JRV-ATN

aib oo ot it Suod e Sigeyls oy anl)d
S wbyie b p5 zee Jsb b ole Sge)le adg ol
Paie st Jlosl S35 Ghan S & (55 558 (s
SHHG)? YU as e Siigelo el (SeudlS ans
s 55 iy 10 5 1395 oo Ciporgd Al s ds
iy JS i Eely 3 e aiSin ogas |, gad]
Ul 33955 on oty s &y iy ol 51 S
Sals gyl (2lei 40 g 0okl ply 4y o g 0 1y 2SI
"oMlol 5 W oo Big dw 09,0 5l Sl Glae
o b ST s o g St aS ool 09l o 0juige
o) 658 (S o Ay a1 5900 g8 25
O SO o cdle o 3l o g 0,8 ol
a3 5 o5l plas g ,uSIl 09l o 00ld g din B)b
ST Grhial B 398 edgume 13 (158 S D jgen |y s o
Xe-Kr-) s 5l comsl8 g9, olislej] iST .05 o

Dls,s o oy50  (Ar-Ne-He

G95-2
Sl 2 Vb ade o Sigeyle adgs sl Olawlxo
ool g (TDSE (Lo 4y attaly K05, alsles S
b il g peda o slp Jd (958l G o8

dv-o] el EVES SIS

OA

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1226-fa.html

[ Downloaded from opsi.ir on 2026-01-08 ]

WA o VEIY Olnl Sigish (5)5kd 5 (qwaipe (il S (et 9 Sdgisd 9 Syl (il S Geges 5 Con

14 14
W w W
—2,|2:1.2X10—2,| :15><10—2

14
(I =1x10
1 cm”- 3 cm

cm

A =800nm, A =1600nm, A = 2000nm,z =7 =7 = 3fs
1 2 3 1 2 3
- T
p=r,p=0,p=—-)
1 2 3 2
0.04 0.04
0.02 MRS o A R
}‘ 4 0.02
oF ’ ~ =
= = - 0 ¢
;-0‘02 A .
E—D 04 0.02 !
g -150 -100 -50 L] 50 100 150 -150 -100 -50 0 50 100 150
g
5 0.04 005 - " -
B - R \/\/\/
/ ~ “
0m ~ - S s 0
- ;
X - rd
0.02 -
-0.04 - -0.05 - - -
-150 -100 -50 [ 50 100 150 -150 -100 -50 0 50 100 150
Time(o.c.)

DA« A=518-(NMMK, S o g0 oS5 @) IS
5 S5y 99 Haws oS3 €) N erhe s A= (M) 50 e

S @ A= Y...nm) IR
A =800+1600+ 2000 (nm)

== three color
o color
= one_cobr
2
[
o,
T
o
0y
4
0 0 100 150 200 250 30

harmonic order

S, I, 50 15, e Gl Saige)la il Y SS

(sl

sl
aw b VAL BYYD sl Sogele o o2 )

'M)s‘

iqwt 9
|(t):|Zg e dt| )
q

—igwt
d=|d@t) e dt \)
q

Car adad sels ooy sl Sialkes o aSolxl )
o 2l b Sales (p) 5l 0 ovas g5, 3B So

Dgls

& Julxi -3

ool oas oolaiwl () 4w 5,5 Glawe I dlis ol o
g iSe pl,8 9 2SIl lassd (sl (6 i SLLS Glej 1
9k Cawdy (6t (s (855 9] wRae ol
s B L, SO G o a5l eSS e )
@ Sl S Ey C35 Al Gl 5 eog el

C55 b drng gl (93 DL S e ez ge Job
S, S o olaess laml il scis
9 lome o b wdges Sy 1,4 = (8001600)(nm)
Job (55 ol 50 098 (o0 osaline o gl Sy )
ool oS5l (oo Gl b Sy Dal 5 e zse
5 oo 4zl b cole 6ln (K) 90 655 lawe
Si> (B) Sy b ane slo (b calo sl 13wl
odb bl A =(20000m) 5 el S cnlple 09
e B)Sy Glple oS o eSS S5 50 L
o 4 e &5 anl (oo Bl Sy ple g RelS
39 (50 (9 A it S) )

oty (K, aw glawye
Sz 50 09 eSSk g B Sl
9 e D)9 Ky 99 Gl 4 Sl (6 (S
o Sk (Syhn i 6550 ol as e Sl
[6]0)3]
E =1+3.17U Q)

cutoff p p

bugie jlade) guilejail ng)j‘lFJ) 9 Ol M@L

(6,5 Olose 5o g xSl lavsgs ouls i siuie (65,
Bl oo 2 s 4 5 eyl

AR

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1226-fa.html

[ Downloaded from opsi.ir on 2026-01-08 ]

VYA poge VEY

Loy Ghgr e Olsim @ oo g oS 2 b
Golw a4y 3890 YP-LYVO slo Sigo,lo S R

o205(7988)s yate Wb

Time profile

79as

Intensity

0
05 04 03 02 A0 0 o1 0z 03 04 0§
timefo.c.)

Ere st s Sl b aslig LLI P S

S5 azxs ¥
M lp a0l sy L s asds sk
Olee ) 4253 ao 1L g0 05000 4l Ly

oowlin &,,59.9)& b aslis 30 09z o)b Q:.x?-)l
S Somdy sl () 4w )5 Gl b 0,8
Al (pd Sglie sledg Sl gwyp bogodl (o
B3 oo aS Sl (Shgy (e @ i (B9 e
L oS 08,5 Llod 2alsS o abiy] ol ads (sl
98 g A Sl chal ) Ly g onl ol

&=l

[1] M. mohebbi, S. Batebi., Opt. “Electron path
control of high-order harmonic generation by a spatially
inhomogeneous  field”, Commum. (2013).
Vol.296,pp. 113-123,2012

[2] Zenghu Chang ; Fundamentals of Attosecond Optics;
1%edition; Taylor and Francis group (2011), chapter 1.

[31 L. Feng, T .Chu, “ High-order harmonics extension
and isolate attosecond pulse generation in the three
color field” phys. Lett. A 375(2011) 3641-3648

[4] T.J.Shao, et al., « theoretical exploration of laser —
parameter effects on the generation of an isolated
attosecond pulse from two-color high-order harmonic
generation”’phys.Rev.A82(2010)063838

[5] J.J. Shao, et al., “Extension of harmonic cutoff in a
multicycle chirped pulse combined with a chirp-free
puls” ,phys .Rev. A 82(2010) 053822

[6] Peng-Cheng Li, I-Lin Liu, Shih-1  Chu,
“optimization of three —color laser field for the
generation of single ultrashort attosecond pulse”,
Optical Societ of America (2011)

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

Time profile
0
50
40
E 158 as
§
£
20
10
[
08 26 04 42 0 0.2 04 05 (1]
time foc)

38 g 1l eolal b agligl LuJbiv JSis

bsS ol Gl ane S S oyl csny Soe
slml ly atily (oo Sglite loyial b wil oo 4]
dlie cpl ;0 10 8250 I3 o)y p 9)50 ailigs] b S
ol adg 5 Ge e 25U Dol sla gy S

D90 (50 () 2

PFS oy gt ewdS Ghgy ool bl sla b
DSl g0 Sgrymle CilSw 5 (gl oo

; quassian pulse shape . cosine square pulse shape

A 185 A 18

5 5

g 9

g g

] ]

ERl e

i) A

TR Mmoo om ®mm too% Mmoo oM W W
pulse shape . secant hyperbolic pulse shape

N 160 R 24

3 3

1 i

g g

] ]

8 4f 34

X} A

0 L] woowmoom W w 0 Ll m L ]

harmonic order

Gy oS o oudlS o i Sl L Sseyle el 1T S

Ssrmle Cillue s ygle

OO gy D9 (oo oadlive Dglite slo gy gy b
Db oo Shge)le odgi (6l 050 (2 e @0

sin square pulse shape

4
2
o
360
3
3
= -2
F) i,
-4
ol |
-8
o 50 100 150 200 250 300 350 400 450
Harmonic Order

& oo g Sl L Shgele ol O S

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1226-fa.html
http://www.tcpdf.org

