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Study of the Intensity Increasing Effect on the Spectrum
Blue Shift of Super Continuum Generation in Water

Fereshteh Hajiesmaeilbaigi, Eftekhar Bostandoust, Hosein Razzaghi, Asma Motamedi,
Laser and Optics Research School, NSTRI, Tehran, Iran

Abstract- Balance between optical Kerr and plasma defocusing effects causes the femtosecond laser filamentation. In this case the
laser intensity inside the laser filament is stable and becomes unvaried during increasing the laser energy. This phenomenon is
called intensity clamping. In this paper the super continuum spectrums of the femtosecond Ti: Sapphire laser pulses which were
propagated in water, at different input laser energy from 66 pJ to 0.6 mJ were investigated. The experimental results show
asymmetric broadening spectrums by increasing the input laser energy .Also it was shown that the blue shifting toward the shorter
wavelength is constant for the input energy above 460 pj.

Keywords: supercontinuum, femtosecond pulse, filamentation, intensity clamping

ﬂ

] e WWW.LOPSILIT olsg ;0 (4098 (g s 4o byl &y allie


http://www.opsi.ir/article-1-1138-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

VYA (poge VEIY

Colaw jlgs ay cud )b lei I Seie i (SuSSily S o
ool CenSls oo ,0 o] B pl g9 o S oo gl
Do Flasss o atein ¥oakal, b aS 0 )ls _sogees

2

4me Ne(r.t))}/2 ™)
M.y

S 5 Gy @i (N 5 (o cafs o No oS

Ly o) 553 alals jo T yloy o T Slatse )0 0ol adgs

n(r,t) = (2 + 71 (r,t) -

Ep e 980l p g b Me 9 € 9 WS (oo atine
Voaal) L1, a0 (0 ) il 4l a5 Gloj Gaamlinis
12885k 50 oly (o

N, =ol™(N, —N,) 4p)

ot
slodsse JB= No ol 5 Sud | eliss
lapg iUl S8z 5 sl (s o8 s 4y ga] 3 gigd
ddpe M S 55 padd Jge olgs B L1, S iul38l
<No aSul 4 azgi b ool Goemliinn 5l oo (as e
g o0 00l 13 &jso 4 ¥ oaloleaNe

N, =N,4l" \p)
21y ey ULl abaie mhaos 45 canl ool <l B
LoDy J1 )0 CnSd g p s 1500 (9 5105 (50
D5 08 a5 O alayly b wilgs o 0als ags

2
An. —_ % )
P 2

Z
Sgd e 03ls Wy = JE:—mgNQ abal, b Lawdly ilS 5

Sle il al; by Fee cwlh oo plple

5l ol

n =n,+An, +An,
o2 i @

2ema
Jolas ;5 o1 g 2SI G ST5 L S (555 ped 095 4l o
o il Sk Al AN, = 0 005 o0 18
"0 e € ot Sy b g 0 e 25 ) No CnSS
A o bogd co yueed Dol Soldl S a4 bk ol gl
S e b8 G gy el o
E(z,t) = Ejexp(i (wﬂt - Lni‘?’ﬂz))

=N, +Nn,I —

Y

\ .

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

doosio —)

o2lp 1 Ol aligied laysd Slshd g oS
Gl Al 0 pdy Ojae Blad slalase 0 (5,98 oligS
3 e a9 g pl i by sk 98 ag
s, Jlewl Sady sbyid mswe 358 slacs el
odle Sl gy 5o SLwsmpl adsi S esle 5y s5le
G e O S b SO0k s el
3 oleS wady lacd e sy oad dbul sla
hore oS b 8 ke Ss Bpons g
G55y o 1355 oo ol ous ablol oS (1055, A
0350l Jliws pl b g deies 8 Jbiwgy 05 (21519 L 4L
g oy el a5 alize o Wg5le 5l 0gd o
DlBogs enVose & olgce S)ls 1) liwgn ol
D] ognlisg boal aabdl 5Bbegs  eewYoos
s Sily oll, SasSly Y] 5 Glabad colas e
o sl [A-F] zso,ler sl laanlp o iesoss
oyl b walize slo,Sg5le daws 0929 b Lol 0ged
SLssel odg anld 5l g8 (Sused iy b kb

L8] 5 ,)lss 542

S oz -V
albiwl oy Ve ol g 5l adsl @bt Lulul
595 slp oad arubre Jlzu (g b Jlwgs w5 ln
3O (oot LR (535 yeioeS olpls oyl callas (635 3
sl s ol YN sls w5 s oy
4 ) ekl 5l aegy gee S o ¢ Por (555 05055
372722

8anyn,
Olg Hlake sl 60,55 )5 zse Jsb Aoy lame

M

cr

I e b iy j5d oo S wap DY el
iebd g Kol 30 ho e pa e 5 B Rdy oS
319 Sl K00 (Gam 5l 5 00,5 ool lae jo ot 8

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


http://www.opsi.ir/article-1-1138-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

VYA (poge VEIY

b s J8 (50 2 55,2 Ve 1S5 250 50 aligned YV
SC 3l e 3l o AL s se Jesdes VY
0 SR g S Yoo B ) asd ol a8 ()5 ogSds
ol gl e (il O Jsb @ 35055 Joko (59, 2 am0
G (Bl YO sga alold 1o 095 oo 35 50ie g2 e
adgi L pl aSd ovalive (gl ol slosyy ok 5l o
g awgd Jolo 1wy 0als oaiSTyy je8 g o4l 18 oud
T Jsb ol cd Glp e ol a4 Jae )9
L Jsbe 51 Jd 5 550 098 (oo 6] oz limges

el 00 (6,5 03l yia (55,1 5] oolic

L

u
5 cm
Cuvette
4000
Fiber

Lessernl a5t sln ptlesl plosez Jls il Ghaled ) JSs

Intensity {arb.units)

02

Delay (fs)
odd Zughs 4iligied YV i Jloj sl Jloges :¥ S5

Coy g bl ¥
oa 395 Jawgi 4 00l Co gl I Sy sl Hloges
ol 00l ools Lz VS 50 0ad (6,5 ol il ST
lodil> b (g )lss pl O 5o 0yttt ailigied slacs
S5l IRl b aS anS e oy SO by e (S
&;) el 00l oolo uLw) Y J&w )O as )#QL@ 665)5
sz Jsb sl ol wsiee S 0 i
Slasl 315 e e O 0s,8 ead adss sl biwgey 5
IS 50 Jg5 (ke 17 B o395 PP sl (5551 L 4G 5L
On e dnlde aSSl ol cwl sal el las F
zoe Jsb 5o Bjloges Il o w0 pdy &jge Lo jloged
L as 0gd (oo abaxdlo sl ool jlongs ) 4 095 Aoy
Sl Gl (Jois S F70 U (60955 o5 5550 Ll
ol b s wuS oo g Rl JLlgn ol (ree sk

AR

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

5o 0ad ol wilS 3 Dl s (s d 4l jo 098 o
" i pj bl Lol o eYee
Do) Flogs

Aw(z, t) = —%% )

R —a—+ bl (\)
a
= —aly 2L+ bIFf™(t) @)
5,5 sy C il Sloj e @b F(1) 5 als o o

Mg g2

g @ =—"— 4.!4.:.7“ 5o )L.w.:| dold Z D
(&
aox ol by 5l S g Cuie B = E—— Ny
CenSs i Sl g0 w5y glal> 9 alal, 4o Jf
b s¥gm sl L g 25w wile Nz (s e
Jdo a0 Ledly adgs 1 o poo alex S o0 ain
Lgs S oy (JBz bame 1o Jgigh awix (S5 Sl
ol ol plals e g 0gd o0 ol ST slagyg 1Sl

o syley dax g0l aS 09l dx gl Wb 0ed o

QZ

30090 0 bl Lawdly 51 o oly glaad jo g oz,
b ol sl s pl sloop)l5 51 6 s &5 J>
& plalr oS e ol 255 olale
OoLES oy Sl s S8y sle Lo I jbags
PRVRVRNET NS Dol el sas ol el (g lade cous
Olgeds o mrhe [VF] ol by a5 s yolsl .8
)L\.ws..u))‘ uLu..) (3] ‘5:L>4JL> o IXVELY Sgdse QALC
W‘)S‘ ).:‘ IR alio L}"‘ B U"‘J"L’" Ll 00 ‘59).2.0
sl Sl o & alraly 5o ailised o5 5
me w3y a2 Sgen O O 2l 40 ead g

Dgl

& ool Y
R TRUT S CRE I [ CONPONH [V e S L Py PRVE
‘_gl.&bw ] 00 o0l QLH.: )‘9 C)Ja Sygo \ J&w o
FS Gloy Sl b plaw posilis Sl Lawgs aslisied
FWHM)a i o 50 ol by 5 aligned 0+
Ol b gl VAA (63500 zge Job ,o gl OF
b oods 5L oatsS Cugli 5l soae jl 052 o5 CoslS

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


http://www.opsi.ir/article-1-1138-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

5

(1

[2

(3]

(4]
(5]

(6]

[71

(8l

[9]

VYA (poge VEIY

LT W) U"‘ aS Gl onis sumlie )...(bl;55 le_:acj_,o Jﬁ-‘"

Gl dz i BB Al 9,0 Dol Soldl S 3

=
o
&
=
@

u 0l vz u3 vt us ub u.s
Energy (mJ)

©39,9 S5l e (2oe Jsb Slin ol ad plal> 0 S

&=y

R.L. Fork, C.V. Shank, C. Hirlimann, R. Yen, W.J.
Tomlinson, “Femtosecond white-light continuum pulses”
Opt. Lett. 8, 1(1983)

P.B. Corkum, C. Rolland, T. Srinivasan-Rao,
“Supercontinuum Generation in Gases“Phys. Rev. Lett. 57
18, 2268(1986)

J.T. Manassah, P.L. Baldeck, R.R. Alfano,” Self-focusing,
self-phase modulation, and diffraction in bulk homogeneous
material “Opt. Lett. 13, 1090 (1988)

G.Y. Yang, Y.R. Shen,” Spectral broadening of ultrashort
pulses in a nonlinear medium “Opt. Lett. 9, 510 (1984)

A. Penzkofer, A. Seilmeier, W. Kaiser, “Parametric four-
photon generation of picosecond light at high conversion
efficiency “Opt. Commun. 14, 363 (1975)

A.L. Gaeta,” Catastrophic Collapse of Ultrashort Pulses
“Phys. Rev. Lett. 84, 3582 (2000)

N. Ak"ozbek, M. Scalora, C.M. Bowden, S.L. Chin,” White-
light continuum generation and filamentation during the
propagation of ultra-short laser pulses in air “Opt. Commun.
191, 353(2001)

X.J. Fang, T. Kobayashi,” Evolution of a super-broadened
spectrum in a filament generated by an ultrashort intense laser
pulse in fused silica “ Appl. Phys. B 77, 167 (2003)

D. Schumacher,” Controlling continuum generation “Opt.
Lett. 27, 451 (2002)

[10] N. Bloembergen, “The influence of electron plasma formation

on superbroadening in light filaments “Opt. Commun. 8, 285
(1973)

[11] J.K. Ranka, R.W. Schirmer, A.L. Gaeta,” Observation of

Pulse Splitting in Nonlinear Dispersive Media « Phys. Rev.
Lett. 77, 3783 (1996)

[12] A. Couairon, A. Mysyrowicz,” Femtosecond filamentation in

transparent media “ Phys. Rep. 441, 47 (2007)

[13] K. Ishikawa, H. Kumagi, K. Midorikawa,” High-power

regime of femtosecond-laser pulse propagation in silica:
Multiple-cone formation“Phys. Rev. E 66, 056608 (2002)

[14] Weiwei Liu,” Intensity Clamping During Femtosecond Laser

Filamentation“CHINESE JOURNAL OF PHYSICS, 465, 52
(2014)

[15] W. Liu et al., “Intensity clamping of a femtosecond laser

pulse in condensed matter “Opt. Commun. 202, 189 (2002)

[16] A. Braun, G. Korn, X. Liu, D. Du, J. Squier, and G.

Mourou,”Self-channeling of high-peak-power femtosecond
laser pulses in air “ Opt. Lett. 20, 73 (1995)

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

Jsb ol sl 50 758 BB s 59955 S5 e

Dgs gad Oloul >ge

£E sl b Al heg ead oy Jlegmpl Se Y S
(o2) Jo5 e 17 51y (Sl ) g59,550

—— =56
—Es2p
£= 140
——E= 201w
—E= 305w
£= 380
E= 4600

Intensity (arb.units)

——E=ss0w
——e= 590
£= 6004

600 800 1000 1200

wavelenght (nm)

syl o ead g Jlwgn pl (2ge b slocloy F IS

Jssske 195 Jg3a,5e 57 51 (5550 QI3 b mipas
moal 0uniS yalisS slazge Job Coos 4y Ol ol 4
3 el iogl Fevonl oS zae Job o yelisS g Wl
Mg pl Olo o)l (Sod a0 (65,31 L3l L 28l
S > (ae b plralr 0sb e canlie

el 0als ooly ylid & IS s (635,

S5 Al -0

Job Slin (Sabite 2 5395 4,k @55l Ll
o 550 O O3k 2l 40 0ad oy g ol (g0
2 stz BB GRlEl (zee Job sl 285 )8
ol VL slaggspl o 1y jlawga pl o lel (Sal o
o S s Rl w6059 63, LRl e o
Sab G aS o)l olyen a1y jlegn pl 4 69,05
&l ad A e et 1) glS alais o adl il
360959 4l 6351 5l omb Sygea Hliwgn pl Clin

Lol 5l o s oS e b 2olS jiegil Fev b SOV

Coows 4y g0 Jsb olral> 609,5 6550yt Sl58l

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


http://www.opsi.ir/article-1-1138-en.html
http://www.tcpdf.org

