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Synthesis of an intense attosecond pulse with phase manipulation

saeed batebi,fatemeh aghili,sepideh fazeli nasab, Forough hosseinzadeh

Department of Physics, University of Guilan, Rasht, Namjoo

Abstract — in this paper high harmonic generation and attosecond pulse, in a one color, two
color and three color laser field have been investigated . and by calculating the ionization rate and
ionization probability which are the main factors in high harmonic generation we compare these
three fields with each other and show that the three color laser field is better than the others and
latter by increasing the phase of main field and seeing its effect on high harmonic generation , we
investigate the optimal conditions for generation the attosecond pulse.

Keyword-attosecond pulse, high-order harmonics, ionization

AR
el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1232-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA Cpoge) F-1Y

S g Goes B uilS )8 sl o (i:1,2,3)5 Ti
Oldee (et Gal o Ly pled) )5 Ol 35

goidl (o0 p3d (IS Olave 5 Jgl (IS Ol g (Lol
il o [6]dlis silen o sl b aen jlade

@ alaly zoe &b @ (oew) 5 Sugys doles > L
Iy el ohd g0 Clil 59y el 08 W (X,t) obes
ool b1, HHG b .M”T Sty (Nalal, S«
9 g (Makal) Oj0 4 e QL ay568 Joos
ol o Sigesle sl A iz (5 een b cales o
Jas g gl (oo s (F) abaly 3o | 4l 5]
@ gadl o0 ploy 4 Aty Wl ohdss Ol 468
Ogeil gy TP anlol )0 050 oy p2i (B) alal) &5
[Bless! oo cowss @) all, S50 4 1, (ADK)

S dmlone(Vakly & 90 4 1) ol idsn Jlet=lg

3
E(t) = > Eg; fi () cos(t + o) (V)
i=1
2
f.(t) =212 [LJ =123
T.
1
dv
1 )
=——— |d —iwt
Pq (@) \/Z! (t)e
2
(1) =[>_ dge """ dt )
q
dq =Id(t)e_iq”tdt )

2.4 2.4
WADK(Z’t)=|E(Z,t)| exp{3|E(Z,t)|} (;)
P=1—(y (t)|w(0)) )

6 Judxi-Y

zye Jsb b S, 5 1, 5 e lol s ol o

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

dodsio —)

aS 50 Koo bmy! Sibej (HHG) YU a0 Salen ol
3o HHG o 5 Jlesl o 38 4 5 Ll S
wiloe a5l $1 slo Gy jLasl adgs 6l W ol op e

(oD g g ey ¢ (o« S8 50 Jlglys 015 A
[1] sl

T2 55 5555 iy o) sl Kinlos o
5009 1960 Jlos 5o crene bawgs 5d caiS 5l aw Sl
3550 (p2 b pg9) (maly 450 slo Sialen 1967 Lo
i S,al L1987 Jle o s axi S L5 anlllas
A AT 5 padds ad e Sigesle 95 5 g yelsS
AVl 4 &S WS N Glime ol 5l aa g [1]
S L plal i di Vb o3l b (See Sialos a0
ool cawoHHG 0 ol 3ge « s 8 Sl ple
Saige e i glp sl s e B 4y (gl oy a5
HHG (b o)l Vb ol Ky & 5l YU asye sl
olawy jo bl Gals &l 10 o)l eges datin S
Sl al o by (oo 25 gl slo Sales ) (o5
JoSis OleSo s slo al b ple Sise)la 5l lgen
adad Soluy a5 Dol my pr Gl G a4 oy jo g a0 (0
o (S @ L35 gl . 00, i ol b (CUt OFF)
[3]s p5e & ygo Al o aw ;0 HHG g, : ol al> 1o
2 o 3 (oo Silig Jeily el g xSl al a8
bbe g 4 ca L b BT 0 5 0K St (65 plose
045 wiSee a5 Ecutoft (6551 aintin b (S9598 9 0 S 5
33T s siloyaily 6531 Up 5 ggmslisisy emiliy lp o
wily 3l Ol lyally 4 Lo g wSl o )5 Dl o
At 55y (255w S e 5 (g155ws S Jelse HHG ool
& @255 Jalge oz 5105 K00Ss JeSe 5 il i
SS S 5SSl lp 9 @l b S Hul 4 ol
Jez>l £5 5 ol oalple [Alon o 6
P 0pS oo Dope w5 ) Sl 0 &S sl
SHHG b o Sljes (i § col Coonl

Si9-Y
Oloj &2 dmnly K09 50 doles > gline 2 Lo Sloslons
bl 5 Slewlone j2.00b (o0 pode o slp gan SO
5,5 S5 50 85 (6 5d ol el 0 eolizd [6] Ju

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1232-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA Cpoge) F-1Y

0.04
I A
0.8 probability ‘7 40.02
fo.6 f‘” i
£ St ° g
50.4 f
-
o | -0.02
, -0.04
04 2 (] 2 4
Time (O.C.)

Ol Hgamliigy Jloiml g (ygmliiey & peclage jlogadi(V) JSC

"5-") S5 LS)}f.-]

.
0.1
4
% 5
o =
s i &
g o =
g E
= i@
lonizatio
< Rat
0 | -0.1
4 2 0 2 4

Olee gl Jotal g Ggmlinios & ol Hlogei(V) JSs

55 99 8,58

0.1
1. |
lonization
probability
k] 0o =
50-5 £
5 @
~— > lonization rate
0 -0.1
4 Z 0 2 a4

T (9.C.)

Olee Ggamlidsr JLoiol g Ggmliion &0l Hlogei(T) JSs
S5y A (55

P9 0N QL e 0 oids (e Jol Sy abais
5% ahad deles Sige)le g 99die oS 53k pgd oy alals
sanlice o yloce duolio L1 0T o 09 4 alais ]
o ol b Syl Ky A o jo A S
e Seml Sz 5 anld as gl calply ol
o Sy S (e 551 09l 9 02K D90
sle Sialon tads [6]mbs b gillao (rizeen 5[8]o
Oldee 99 51 VL Ao do (S5 aw plane YL 4y

Ol 4 1) (S5 4w 6y Gl Lo Gl el S0

Yy

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

JRCE SR 3x1014(%m2) Sk 5 1600(nm)
3okl b asane Slas 1, slae cpl jloges (V) UG
Oldee ol & oo gamlin £5 ¢ 7 s o)t 6 alai,
S aadee Gl Geewlibn E5 0ed (oo ab>dle
pld oo el 5 o lo Sy 5o Gsenliis
4 ally Zoo @b L oS ()15 so s Sl o &S
G5 plae 4k Lol i 50,5 s Jo 58
&L Os Sl ey eal Jlosl (59,08 ST )0 g 3)ls ol
b o3 b g Sl (i 058 (oo (SlpsS ShFes zoe
O atwly Bro a5) bl a5l 5] Glae (s S
aS ol 4 aily zoe &l) war > 4 (0 o
gl oo 3yly (dal Conss Fuog,d (5 dolae J> oy
Sid Ol s (o abaxd jo aS cwl ey (V) S
o N b a4 Jlsl 4 ge,0 Al sl e g2l
Loyl 5l (oo diniion (gl o5 (DS o 9w
6 Ao 0 aiSs o jeas a5l 0 Coses ples
Olawe 4 1032(nm)  JyuS las 0,8 adlal Loy
S ooad GBS s Loy Jy e
L . 4
5 T Ol lo laged Ll 3x10" (V%mz)

IS8 50 S)90 5 Oloee ln  Gsemliisy Jloim
Uil 5 hine 3558 L a3 5 ot oe )
Shawe 4 792(nM) e JpuS (laney1168(nm)
JS oad oS L s Lo, 1600(nm)
14

So) Oldee lp 1) jloges ol 3x10 (Wcmz)
b e (laled(T) JSS 50 5 mysl (oo Comdy S 4
i iSae odalie o) 5 e b alie il
POl ES A g Gl S g dbii 0 Camex Ol
3109l (o0 55 eite Sz Sl (55, gemliin E5 s
255 4l 03 3LHHG) SedlS o oo b 3,k
&ly o [6]os (o Wy Glane Sy abai (g, ghad

2 o9l

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1232-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA Cpoge) F-1Y

dslio g oumlig Jliol g Goliie 75 ¢ 3d Glose

Ol (e Ol 4 1) ) aw 5 e o ]
Ol shal Glace 5B Gl b g o sl sy (555
aS 130,5 oamlie a0 VAL U e kST aw (6,5

$1 ol 5 Solen b 59, (st L3656 38l

O S g Cou Al el 4 yorieg ol agl
o 5T Gl 25 5 w53 5 ol sy Sialon

B LSS, aw o) ol skl b ol ply 00,50
ol Caws 4l $T47.5 b 4 el Jho Lol

&1y 0

[1] DINH BA KHUONG.DAO VAN LAP"phase-
matched high order harmonic generation and
application”

[2] T. Nemati Aram, S. Batebi, and M. Mohebbi,
IJOP. Vol. 6, No. 1, Winter-Spring, 2012.

[3] P. B. Corkum, Phys. Rev. Lett. 71, 1994 (1993).
[4] Mette B Gaarde andKenneth J Schafer"
Understanding attosecond pulse generation

beyond the single-atom level"

[5] Zenghu chang, “Fundamentals of attosecond
optics”, 1st addition, Taylor and Francis group, 2011
[6] Li Fei , Wang Guo-Li , Zhao Song-Feng and Zhou
Xiao-Xin , “Synthesis of multi-color, long laser
pulses for strong attosecond pulse generation”,
Chinese Physics Letters, Vol. 32(1), 2015

[7] M. mohebbi, S. Batebi. Opt. Commum.

(2013). Vol. 296, pp. 113-123, 2012

[8]Peng-Cheng Li, I-Lin Liu, Shih-I
Chu"Optimization of three-color laser field

for the generation of single ultrashort

attosecond pulse™

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

solaul o] 5l o plE 0 g 00,5 bl Glawe oyt
9o 5B Rl U eeeled oo J a0 S
VASG jao i) ol 56 culple oS (o2 shol Gl
o 9 oS (oo yutS (g7 2.0) 518 bl Lias o
PlaS ;8 Vb a5 pe sla Saalen sla il 8,51 Ceny
e S o ola ailsl LISl
Olse 3B (il a5 oS e esaline o(B S 5]
B aS Az ya g iy gl bl g5, 295 BL Lo
ol 1) oyalsS coo 4l oy dinb 058 e i
S Db by 5 ore @l ol e o e e
so bl 5B aigy jlade Lril jo cplply 08 Kw Jool>
adg agbigl B7.5) Ly cdls oyl e aSailoe
4 axg b oaxt opl &5 Cwl S5 4 e andles S
Wy meiSes sl & alize gbayielly 5 ol

[6].wsl oglace
10
5 |
£0. '
:-5, wh -
180 H
- e 500
so MW 555 400
~_ o0 200
CEP (degrees) 00 Harmanic order
S-‘..:‘
(0,712, 71)

——d4T5as
68.6 as.

o

— ——3 1.5
-~ 0.5
CEP (degree) (1] Time (0.C.)

e

(0,712, ) Lol 515 an gl ailigsT slo Lubx(0) S

S5 asmi-¥f

o 9 Sge slooly 5l o S sla lawe oS adlal
adgi g o> ooil L YL a4 sl Sales ody Iy

Slyloges 5l ooliul b onlaln ail oo 4l 5T LU

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1232-en.html
http://www.tcpdf.org

