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High-order harmonic generation by 800 and 1600nm pulse in a bow-tie-shaped
metal nanostructure

Askari, Samaneh; Mohebbi, Masoud

Department of Physics, Vali-e-Asr University, Rafsanjan, Iran

Abstract- We demonstrate systematic investigations of high-order-harmonic generation resulting from the interaction
of hydrogen gases with localized surface plasmons. These plasmonic near-fields are produced when a bow-tie-
shaped metal nanostructure is subject to an intense two-color laser pulse. By changing the relative phase and relative
intensities, cut-off frequency will be controlled in high-order harmonic spectrum. The results show that the
maximum cutoff frequency pulse can be observed by using a half-harmonic control pulse with a same relative

strength and 7 phase shift relative to the fundamental pulse.
2

Keywords: High Harmonic generation (HHG), two color laser field, bow-tie-shaped metal nanostructure

\
el e WWW.OPSEAT ol 10 4890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1415-fa.html

Downloaded from opsi.ir at 23:41 +0330 on Saturday February 23rd 2019

VYA Cpoge VEY

0.775 ")

V1+ 27
G Elogl jeam yo aidl cosiy (SO S lae B g
e Z j9m0 bl 4o
E(z,t)=E )+ B)z D)
b [a] il ol SSeal gl gl e oS
ooy bl -10NM <Z < +10NM - polie (o Z &l ypuss

Vc (Z) ==

ool b cdle anin @ by 220 Wl b ool
S35 50 a5l e EL(D) Y] 25 ol (5 2801 Lo
O
E, (t)=E {exp[-4In(2)t’/ 2] cos(w,t) )
++/R exp[-4In(2)(t+ At)? /2] cos[m, (t + AY)]}
i=01) phise 53 ) (50 45 05500 ) L5 5o
G 11, Jsh ol e aials By 3l by At
awols azgi [V] asl o pgo 5 ol by Ll e i
Ogarl) RaS ansl

JR=E_ |k )
EO IO

IA] (b (o pgo Wb Gloawe aisls E ) el Js!

Jolas oy 5l eolatwl b Kiuog,d dloles (goae J> b
LaS e Cosss p(2,1) plo 4 amaly Toe @ Sg0e

0
<Z>=<w(z,t>—az(vc(z)—E(z,t))w(z.t)> *)
ol b colite Sgeyle a0, acwlbxe |

PP -¥

b (s 25eal) Sl $b 36 Tl g8 sy
5 4, =800nm o Jsb L b SOl enal cuns
ol 1p=6fs s Sae g I =1x10"W/em? Sl
Oygar Hlase 25 o oS (0 oy ) S

E =E, exp[ - 4In(2)t*/z2] cos(am,t) )
LI W O ) B LA E KL S W PR
dob b ol S5l it Gl LSl g 556 s
O Sae g | =1x10%W /em? ol 9 4, =1600nm zge
09...4 RS Y Ji;b)o ‘) Z'l :12fS
Sozar Ol (nl &)

E = E,v/R exp[-4In(2)(t+ At)2/ 2] cos[w, (t + At)](A)

Olnl Sigigd (5,9l 5 (cwiigs (a8 aetd 9 Sgied g Sl il )8 reges g o

doosio —)

38 Olowe b oy Sl )l cge Ol 2 69 il
Mg sd o b e SSgele oy alex
oS Sl gad (g sanay SO VL A e Sigela
Mg e o8 cde a4 3l sle Jlo o) ook 4y
053 4 aglipl Gl Gl adgi 5 ey W) dnd
Yo 4, Sese,ls oy anld  [V-¥] el os s
Oyl Al pe a3 (SedS Ao oo )0 wilgi o
03> 28 )l o) Ol 53 Sk 5 S Sl
il b Sdgeyle s o inb jbsle bl 51 [v]sge
6 Ay il b oaes e plas 1) cdl el S
S s @as s a5 Sls Sisela «Sige,la
o ales yo g anS e olml 1) cov Al S wiien
Cbls eyt alad 5,8 e o SWSL wal cdl
Vi 4 ye Sige)le asi sl 699,8 (el ad il
sk Sl ol 5l lys (oo el (oo 1ol3dwn—2 sy
a0, oolatwl (6998 Wb wal ali] als ol
o2 4 Jlie cdio 90 51 a5 (Sonly jSlogl Jle ol
Sblwgs 5l eolatwl L cewl oo asle b s
wbad BB o 1) 6o Gl (e sl Geendly
5 sesilY e alols 4 a5) die Sg g0 o odd LSiis
Cugl i b ooV o0 (Wl a3 )5 )15 Shoen
Dyl g 0aisS Cuel sl SIS 4 53l (nlple S e
2 el G [Fleas o8 Ly was (il oz
JSlogl ol 5l eslinal b adad LS8 ialdl cg
5 eoliul b alie cpl yo s Lo-Flewl sai bl
) alad )8 s yegls V7o e g Are ()5 lagdly
RS (oo a3

S -

Olej & atasly ;S39,8 alslae (gany S >l oslanal b
(03 axlg o)

.0 167
|atyx):{—zazz+Vc(z)—zE(z,t)}y/(z,t)> M)

25 0dd Sl (555 Glae 5 039500 il G S
)‘.)).g Z aJoles k.}"‘ o owuﬂ )y )L.’>La9.:b )9& ).:‘
1059092 o5 Sl ey (5SSl v 9 9

el e WWW.OPSEAT ol 10 4890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1415-fa.html

Downloaded from opsi.ir at 23:41 +0330 on Saturday February 23rd 2019

VYA Cpoge VEY

o ool lis B USE dinb o a5 jsbalen LIS ol (el
& ably b il 56 laie Cou

0.1
[z =
£10 5 0.05
= 8
g w0
= 0.05
2
o = 0 2
.gmm L Time (o.c.)
'g X:162.8
£ Y: 1.465e-10
s |
T

0 SIO 160 150 260 2%0 3EI)O
Harmonic order
L (S8 (55,0) (oS 5 Ol 8l Sisgeylo cinds (Y JSCE)
51 =1x10"@/cm* R =1.4, =1600nm. 4, = 800nm
7, =12fs 7, =615 Liws oo

— @=mi4
— @=(3/8)m ||
— — —p=mi2
@=(5/8)1r H
— @=(3/4)w
@=(7/8) [|

Harmonic intensity (arb. units)

-
O.
=

0 100 200 300 400 500 600
Harmonic order (u,-fu;u}

OO Sl & ez b it sl 5B (sl Sigeyle il (FUSCH)
.f=0.005yR =1 4 =1600nm:4, =800nNm sl =S
phase= 27z$=wlAt Q)]

8
Sade oy s "'“,¢:%)’L§ 5o ahad uils )8 (s (g ala>dle
b Oipa e K, LSS 50 a5 sl 1, (YFFIT)
Ll 00l jazie (e
AL =T a4 by b FUSE L gl
2
Foa) ghd LS L g=0 b a4 Cons VP adad
oS8l O S Billae o)lo (6 i ol DO- (pgo

a by cuip @ ¢:% 5 4=0 6 o> glp b

oy o o o) yao alaxd o g ,iSl Wer olayg,
Sl 6 4z, WY abd s oSk g (S el
a0 (9 2SIl g5 g (S5 ol 0,5 las (S5 sl

Olnl Sigigd (5,9l 5 (cwiigs (a8 aetd 9 Sgied g Sl il )8 reges g o

0.1
£ 10°
c
=
g
a
=
[}
=
g
£ 10,19, -2 0 2
= X: 157.2 Time (0.¢)
E Y: 1.038e-10
% ——
0 100 200 300

Harmonic order

b (S8 059,0) Olase gl Sidgoylo ol (Y JS2)
7o = 6fs 15 was 51 =1x10"*W /cm?. 2, =800nm

10%

ity (arb. units)

Hammonic intensi

-2 0 2

=101
10 Time (o.c)

X:158.8
Y: 1.426e-10

0 100 200 300
Harmonic order

b (USS 59,9) Ol sl Sdge o il (Y JS5)
7, =12fs (a5 ©aa 51 =1x10"W /em? 4, =1600nm

oo Job Ll ¥ L ogd oo cdwlin cads 90 pl anglio b
ol Bl adad Gl 3 e yiegil VP e a4y slegil Av e
5> p9S S (Sl ded Jebw sl b (o
OR & SdS e )0 3 S AS 05l e sl (el
GRlBl 4 e ul S S ) 65 s ol obe
S g8 Bl el 50 9 3,95 iz 655
398 Oldee 3l (AL b Coles 5o LYV ags
oal JSis ped 5 Jsl sbe oSSl a5 () g0
JS5 50 =0.005 (Seal o pd sy ((F) all) ol
d=1,+1,=10"W /ecm? Leul ,0 098 o owyp ¥

sl R=14 At=0
ahd 58 e o i (o0 JB Sl g0 b LS 5o
b AL el aslsl e el asil a3l eyl e
DS o 18 owyp y5e b o alad S5 1S

el e WWW.OPSEAT ol 10 4890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1415-fa.html

Downloaded from opsi.ir at 23:41 +0330 on Saturday February 23rd 2019

VYA Cpoge VEY

S e -F
L Sgeple wdb adgi aie (g) Ojgar Lo azs o
LS5 90 omd Ol S po 1) ain alad 5,8

woor ly Hislegl jeax o Oglae 5,5 sla i)l
L dl 90 oS 5 L as veo o plis g5l a4l a0 S

ahd 58 fegili)Fee g A (3550 b zee Jsb
5 ¢:% aty o)l Sl 4 e b oo il

b 4 cas 1) Groldl o iy sl 58 R=1
cond Ol pess 56 dlol o oy o lid R=1 5 ¢=0
Slr b Bl 9, 2 R (6998 slo (b slo wud
Gt R=1 plon lil ol (owyp 2B ange 56

23,5 0 odmlice alad WSlS )3 a5 e

&=y

[1] F. Krausz, M. lvanov, “Attosecond physics”, Rev. Mod. Phys,
vol. 81, pp. 163, 2009.

[2] L. Pengfei, L. Peixiang, C. Wei, W. Xinlin, Y. Guang,
“Phase-locked high-order-harmonic and sub-100-as pulse
generation from stretched molecules”, Phys. Rev. vol. A, No. 74,
pp. 063411, 2006.

[3] Corkum, P. B, « Plasma perspective on strong field

multiphoton ionization”, Phys. Rev. Lett. No. 71, pp. 1994-1997,
1993.

[4] Kim S1, Jin J, Kim YJ, Park 1Y, Kim Y, Kim SW, ‘‘High-
harmonic generation by resonant plasmon field enhancement’’,
Nature, No. 453, pp. 757, 2008.

[5]A.Husakou, S.-J. Im, J. Herrmann, ‘‘Theory of plasmon-
enhanced high-order harmonic generation in the vicinity of metal
nanostructures in noble gases’’, Phys. Rev, vol. A 83, No. 043839,
2011.

[6] B. Feti, K. Kalajdzi, D. B. Milosevi, ‘‘High-order harmonic
generation by a spatially inhomogeneous field’”, Ann. Phys, No.
525, pp. 107, 2013.

[7] I-Lin Liu, Peng-Cheng Li, Shih-I Chu, ‘‘Coherent control of the
electron quantum paths for the generation of single ultrashort
attosecond laser pulse’’, physical review, vol. A 84, No. 033414,
2011.

[8] T. Shao, G. Zhao, B. Wen, H. Yang, “Theoretical exploration of
laser-parameter effects on the generation of an isolated attosecond
pulse from two-color high-order harmonic generation”, Physical
Review, vol. A 82, No. 063838, 2010.

[9] B. Feti, K. Kalajdzi, Dejan B. Milosevi, ‘‘Highorder harmonic
generation by a spatially inhomogeneous field’’, Ann.Phys, vol.
525, No. 1-2, pp. 107-117, 2013.

[10]M. Mohebbi, S. Nazarpoor Malaei, ‘‘Electron path control of
high-order harmonic generation by a spatially inhomogeneous
field”, Journal of Modern Optics, Vol. 63, No. 7, pp. 643-652,
2015.

2V a5 e Sige e a5 wgms e ilow (5 Sue[ V)]
Sy 50 yiagili Vo FFg Ae e la b 5l oolitwl b oal3dl oyloe
oSl VFAB ol S il i UK gy 5388 ,lsLogil
AMY o les ol pus

Olnl Sigigd (5,9l 5 (cwiigs (a8 aetd 9 Sgied g Sl il )8 reges g o

5 (S5 308 0y b ()8 slal) (Sl 6 a5 2 -+ /A
O s (Sl o as s,z 1P a0 S 5L
ek Sl cde cplple wdl (oo (S5 508 0y LS
OO 5 898 0 =0 S a ces ¢:g > cos

) wib o yole e Ay (49 Sl i aBge y0 (lae
patie b oG S b as gl o (Sl e

phase=0
phase=m/2

0.1

0.05

E(a.u.)

-0.05

Time (o.c.)
sl zee Jsb s ¢=0,% sl b sl Gl (BUS)
R =1L 2, =1600nm 54, =800nm
b ‘(¢:%) ol et digge 3B il 4 yeuST]
AELYL /Y D) Ralize polio glp 1) b Sige )l
ool oamlie BB £ USS jo a5 20,5 les (NN
Ge/)jlade 51 Rl b aS 09 (o odmlice JSi 3ollas
Ao o sline ) W e Gl g S5 )

Iy-yve ] (( Sedts

—

o
™
=

Harmmonic intensity (arb. units)
S
=]
o
1]
hed
=]

Ty i ——R=09|

0 100 200 300 400
Harmonic order (w/w, )

¢:% il R sy Sidgela oo (7 JS2)

el e WWW.OPSEAT ol 10 4890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1415-fa.html

