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TOM TAT

Chaing tdi nghién ciu Ii thuyét vé anh hirong cuia phan cuc déng I6i-electron Ién sy phat xa
soéng diéu hoa bdc cao cua phan tir doi ximg CO, bang céch gidi s6 phwong trinh Schrédinger phu
thugc thoi gian trong gan diing mét electron hoat déng. Dua vao viéc phan tich quy ludt tir tée do
ion hoa, anh hueng cia phan cuc dong 18i-electron diroc dir dodn la lam thay doi khéng ding ké
cuong dp HHG cua phan ti CO,. Cac két qua tinh todn HHG ciing cho thdy dnh huong cia phan
cuc dong IBi-electron nhin chung 1a khong déang ké nhing sé c6 anh huong lén dén cuong dg cua
nhiing bdc xady ra hiéu #ng giao thoa.

Tir khéa: song diéu hoa bac cao, hiéu wng giao thoa, phan cuc dgng Idi-electron.
ABSTRACT

Investigation of the influence of dynamic core-electron polarization
on high-order harmonic generation of CO2 molecules

We theoretically investigate the influence of dynamic core-electron polarization on high-
order harmonic generation from CO2 molecules by solving numerically the time-dependent
Schrédinger equation within the single active electron approximation. Based on the analysis of the
ionization rate, one can predict that the influence of dynamic core-electron polarization is
insignificant for the HHG intensity of CO2. The result shows that the dynamic core-electron
polarization strongly affects on the harmonic orders occurring the interference effect.

Keywords: high-order harmonics, interference effect, dynamic core-electron polarization.

1.  Médiu

Sy phat xa song diéu hoa bac cao (HHG) 1a mot hiéu tmg quang phi tuyén xay ra khi
vat chit tuong tac voi laser cuong dd cao xung cuc ngén [1]. Dé khao sat li thuyét qua
trinh ndy, chling ta can giai phuong trinh Schrédinger phu thudc thoi gian (TDSE) cia hé
khi twong tac voi truong dién cua laser. Bai toan nay chi c6 nghiém chinh xac trong mot sb
truong hop don gian, cOn véi nguyén ti hay phan tir phic tap nguoi ta thuong s dung cac
phuong phap gan dung nhu st dung gan dung mot electron hoat dong (SAE) [2] - [4] hoic
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phuong phap Hartree Fock da cdu hinh phu thudc thoi gian (MCTDHF) [5], li thuyét
phiém ham mat do phu thudc thoi gian (TDDFT) [6]. Hodc don gian hon 13 giai bai toan
theo hudng tiép can md hinh nhu mé hinh Lewenstein [2]. Mdi phuong phap déu c6 thé
manh va diém yéu riéng. TUy vao hé vat li, muyc dich khao sat va yéu cau vé do chinh xac
ma nguoi ta sir dung phuong phap pht hop. Nhu mot sb cong trinh gan dy da chi ra ring
VGi phan tir phan cuc nhu CO, ching ta phai tinh dén hiéu tmg nhiéu electron hodc phai
tinh dén phan cyc dong Idi-electron (DCeP) khi sir dung gan ding SAE thi m&i mé ta dugc
két qua ion hoa thu duge tir thuc nghiém [6], [7]. Ciing trong cong trinh [7], bang cach st
dung gin dung SAE khi giai phuong trinh Schrodinger phu thude thoi gian, cac tac gia da
cho thiy DCeP c6 anh huong quan trong ddi v6i xac suat ion héa (tai thoi diém tit xung
laser) cua phan tir CO nhung khong dang ké ddi vai mot sb phan tir thang nhu NO, N, O,
va CO,. V6i qué trinh phat xa HHG, DCeP 1am thay d6i cuong d6 HHG phét ra tir phan tir
CO tly theo sy dinh hudng ctia phan tir trong truong laser [8]. Su thay d6i nay duoc giai
thich 1a do sy thay d6i tbc do (xac suét) ion héa tai thoi diém ma néu electron bi ion hoa tai
thoi diém d6 thi s& phat ra photon g v&i ning lugng diém dung khi tai két hop véi ion
me [9]. Nhu vay, cdu hoi dit ra 12 néu DCeP anh hudng khong dang ké dén sy ion hoa cua
cac phan tir khong phan cyc thi liéu no co anh hudng dén qua trinh phat xa HHG ciia cac
phan tir ¢6 ching han nhu CO; hay khéng?

Chlng toi s& tra 101 cau hoi trén bang cach giai sé phuong trinh Schrédinger phu
thudc thoi gian trong gan dung mot electron hoat dong theo mo hinh tinh todn va phuong
phap dugc néu trong cdng trinh [9]. Trong d6, ham song phu thudc thoi gian cia TDSE
duogc khai trién theo hé ham co so 1a cac nghiém cia phuong trinh Schrodinger dimng, cac
hé s6 khai trién phy thudc thoi gian thu duoc bang cach giai s6 bang phuong phap Runge-
Kutta bac bon. Mot sé diém chinh ctia phuong phap tinh toan s& dugc trinh bay trong phan
tiép theo, cOn ndi dung chi tiét c6 thé tham khao trong [9].

2. M@ hinh va phuong phap tinh toan li thuyét

Phan tir CO, dugc dinh phurong trén truc z, xung laser ¢é vector phan cuc nam trong
mit phing yOz (xem Hinh 1). Dé khao sat vai trd cua qua trinh ion hoa 1én su phat xa
HHG, chlng t6i sir dung xung laser cuc ngin chi chira ba chu ki quang hoc (d6 dai xung
7 =3T ) sao cho qua trinh ion hda va tai két hop xay ra trong chu ki thtr hai. Khi d6, goc
dinh phuong dugc dinh nghia 1a& goc hop bai truc phan tir va vector dién truong cua laser
tai thoi diém t, [9] (s& néi rd sau). Do tinh d6i xtmg ctia phan tir nén chdng t6i chi khao sat

cac goc dinh phuong tir 0° dén 90°.
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Hinh 1. M6 hinh tinh toan HHG khi phan tiz CO2 firong tdc véi xung laser cuc ngdn
Trong dinh chuan dai va gan dung ludng cuc, phuong trinh Schrédinger phy thude
thoi gian ciia hé khi twong tac voi laser phan cuc thing E(t) (trong hé don vi nguyén tu
e=m, =/=1) c6 dang sau

o b’

.a\y(r,t):{_%+VSAE(r)+vL(r,t)+vp (r,t)}‘l’(r,t), (1)
trong d6, Vque (r) la thé ning mot electron hoat dong cua phan tir, duoc xay dung theo
cong trinh [4], V_(r,t)=r-E(t) 1a thé ning tuong tac cua electron hoat dong véi dién

truong cua laser. Trong cong trinh ndy, chdng toi su dung xung laser c6 dang sau
E(t)=E,, sinz[ﬂ—thin[a)ot—%J, )
T

voi E,_ 1a bién d6 cuc dai cia dién truong laser vd @, 12 tin s6 cua laser. CON s6 hang
V,(r,t) Ia thé phan cuc khi xét dén anh hudng ciia phan cuc dong 16i-electron dugc tao ra

boi cac electron cOn lai va hat nhan phan tir dudi tac dung cta truong laser [6]
aE(t)-r
V, (r.t)= - %EQT 3)

r
V6i a, la tensor phan cyc 16i-electron dudi tac dung cua truong dién laser. Gid tri cta
tensor nay dugc tham khao trong cong trinh [7].
Phuong trinh (1) duoc giai theo phuong phap duoc néu trong cong trinh [3] bang
phuong phép Runge-Kutta bac bon véi cac thong sé mod phong 6 thé tham khao trong [9].
Sau khi tim duoc nghiém cia TDSE, cuong d6 HHG dugc tinh theo gia toc ludng
cuc [10] nhu sau

T 2 2

j :?<r(t)>e‘i‘”tdt

0

S(w) , (4)

trong d6,  1a tan s6 HHG, (r(t)} = <‘P(r,t)|r|‘1’(r,t)> Ia tri trung binh ctia moment ludng

cuc phan tu.
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Dé giai thich sy anh huong cia DCeP 18n su phat xa HHG, chiing ta can tinh dugc

téc d6 ion hoa theo thoi gian [11]
d[In R (t)]

dt
trong d6, P, (t) 1a x4c suat & trang thai lién két ciia phan tu.
3. Kétqua
3.1. Dw dodn dnh hwéng ciia DCeP lén cwong dp HHG dwa v30 toc dj ion héa
phan tir CO-

Trong cong trinh nay, ching tdi md phong séng diéu hoa bac cao cia phan tir CO2
khi twong tac voi xung laser cuc ngin chira ba chu ki quang hoc, dién trudng duoc cho bai

I(t)= ©)

cong thiae (2), budc song A, =800 nm (twong Gng voi @, =0.057 au.) va cuong d6
I, =2x10" W/cm? (tuong tmg véi E,_ =0.0755 a.u.). Cac két qua duoc tinh trong hai
truong hop: Khong tinh dén DCeP va tinh ¢én DCeP bing cach bo qua hodc tinh dén thé
phan cuc (3), ki hiéu 1an lugt 12 SAE va SAE+P.

Trudce hét, dua vao quy luat vé méi lién hé giita sy ting, giam cuong d6 HHG va toc
d6 ion hoa dugc rat ra cho phén tir CO [9], chung t6i ciing khao sat tc d6 ion hoa phan tir
theo cong thic (5) trong khoang thoi gian At tir thoi diém ion hda, t, ~T , dén thoi diém
tai két hop t, =1.5T [9]. Trong do, t, la thoi diém ma néu electron bi ion hoa tai thoi diém
do thi khi quay tré vé tai két hop s& phat ra photon véi tan s tmg voi vi tri diém dung. Két
qué thé hién trén Hinh 2 cho thay toc do ion hoa clia phan tir CO; tai thoi diém t, gan nhu
khong thay ddi khi tinh dén DCeP. Tuy nhién, chling ta c6 thé nhan thay DCeP s& giam
dan anh huong khi goc dinh phuong ting dan tir 0° ¢én 90°. Tir d6, ta co thé dua ra du
doan rang cuong do HHG khi tinh dén DCeP sé& giam khi goc dinh phuong ting, nhung Sy
giam ndy S& rt nho so véi truong hop khong tinh dén DCeP.
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Hinh 2. Téc dé ion héa ciia phan tir CO; theo cdc géc dinh phwong khéc nhau tir 0° dén 90°

trong khodng thoi gian At trong gan diing SAE (dwong manh mau den) va SAE+P
(dwong dam mau do). Thoi diém t1 dwoc danh dau bang dwong nét dirt thang dimg.
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3.2. Vai tro ciia DCeP trong qud trinh phat x¢ HHG ciia phéin tir CO>

Phé HHG cua phan tir CO, thé hién trong Hinh 3 ¢6 dang dic trung ciia mot phd
HHG: Giam nhanh & nhitng tan sé nho, sau d6 HHG c6 cudng do gan nhu khong dbi trong
mién phing va két thac mién phang tai diém dimg. Trude hét, vi tri diém ding & bac 37,
phii hop véi dy doén cia cong thire ban c6 dién [2]: @y =3.17U  +1.321 .

Diém dic biét trong phd HHG ciia CO; 1a ¢6 su xuat hién cua cac cyc tiéu giao thoa
phu thudc rat manh vao goc dinh phuong 6 [12]. Theo du doan ciia mé hinh giao thoa hai
tam [12] thi tai goc dinh phuong 6 =0°, cyc tiéu xuat hién ¢ bac 18 va & bac 36 khi goc
0 = 45°. Véi cac goc dinh phuong 16n hon thi cyc tiéu giao thoa khong con quan sat duoc
trong mién phang HHG nira.

Diém déng chu ¥ tiép theo 1a khi tinh dén DCeP, cuc tiéu giao thoa trong phd HHG
s& sau hon do sy bién dang van dao phéan tu tai thoi diém tai két hop dudi tac dung ctia
truong laser [13]. Nhu vay, vé cuong do, sy du doan anh huong DCeP dua vao toc do ion
hda tai thoi diém t, khong hoan toan dung trong toan mién ning luong ciia phd HHG. Dy
doan nay ciing khéng hoan toan dung cho moi goc dinh phuong. Ching ta c6 thé d& dang
nhan thiy d6i voi goc 0 =45°, cuong d6 HHG tai gan cuc tiéu khi tinh dén DCeP lai cao
hon so véi khi khong tinh dén DCeP. Piéu ndy c6 thé giai thich 1a do bac xay ra giao thoa
khi tinh d¢én DCeP 16n hon nén da vuot ra khoi mién phang, trong khi bac giao thoa trong
SAE xay ra ¢ gan diém dimg. Ca hai trudng hop su giao thoa déu xay ra quanh diém ding
dan dén sy suy thoai diém dimg [14], [15].

(a) 0° l (b) 45° (c) 90° T

— T
— SAE
’ = SAE+P
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Cuong d6 HHG (don vi bét ky)
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Hinh 3. Phé HHG ciia phén tir CO2 Véi cdc goc dinh phicong khéc nhau:
(a) 0°, (b) 45°, (c) 90° trong hai truong hop SAE (dwong manh mau den)
va SAE+P (dwong dam mau do)
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4.  Kétluan

Nhu vay, bang cach giai phuong trinh Schrodinger phu thudc thoi gian trong gan
dang mot electron hoat dong, chung t6i d& tinh toan va khao sat anh hudng cua phan cuc
dong I6i-electron Ién sy phat xa song diéu hda bac cao caa phan tir ddi xing CO,. Céc két
qua thu dugc chi ra rang véi phan tir d6i ximg CO2, DCeP chi c6 anh huéng 16n 1én cuong
d6 HHG tai cac bac xay ra hiéu ung giao thoa. Diéu ndy cd thé dugc giai thich 1a do sy
bién dang ctia van dao phan tir tai thoi diém tai két hop dudi tac dung cia truong laser. Cac
nghién ciru ¢ thé duge mé rong cho cic phan tir thang don gian khac dé co dugc nhiing
két luan phd quét hon vé sy anh huong ciia phan cuc dong Idi-electron 1én qué trinh phat
Xa song diéu hoa bac cao ciia phan tir.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.
% Loi cdm on: Nghién ciru nay dwoc tai tro béi Quy phat trién Khoa hoc va Coéng nghé

Quéc gia (NAFOSTED) cho dé tai ma sé 103.01-2017.371. Ching t6i xin duwoc cém on
GS TSKH Lé Vién Hoang da c6 nhing gép y va thdo luéan cho nghién ciu nay.
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