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ANH HUONG PONG LUC HQC PHAN CUC LOI
LEN xAc SUAT ION HOA CUA PHAN TU CO
BANG PHUONG PHAP AB INITIO

HOANG VAN HUNG'

TOM TAT
X4&c sudt ion hoéa cia phan tir CO dudi tac dung ciia truong laser dwoc tinh bang
phirong phéap TDSE két hop gan diing mét dién tir €6 xét dén anh hwong cia dong luc hoc
phan cyc 16i. Chlng tdi da chi ra c6 thé dung phirong phdp nay dé tinh xac sudt ion héa
cua phan tur dudi tac dung cua truong laser. Chung tbi ciing da chi ra anh huong cua dong
luc hoc phan cuc 181 18n xac sudt ion hda cia phan tir CO 1 Ién khéng thé bé qua. Cac két
qud phl hep véi nhiing cong trinh theec nghiém va tinh toan Ii thuyét khdc da cong bo.
Tir khoa: xac suat ion hda, phan tir CO, dong luc hoc phan cuc I8i.
ABSTRACT
The effect of dynamic core polarization on ionization probability
of CO molecule by ab initio method
lonization probability of CO molecule in the interaction with laser field is calculated
by TDSE (Time — Dependent Schrodinger Equation) method within single active electron
model with consideration of dynamic core polarization. We showed that this method can be
applied for the calculation of ionization probability of a molecule in laser field. We also
showed that the effect of dynamic core polarization on ionization probability of CO
molecule plays an important role and cannot be ignored. All results are in agreement with
experiments and previous theoretical calculations.

Keywords: ionization probability, CO molecule, dynamic core polarization.

1. Giéithiéu

Qua trinh ion hoa cua phan ti trong treong laser manh la mot trong nhitng bai
toan duoc quan tdm nghién ctu rong réi vé ca Ii thuyét va thuc nghiém. Mot vai huéng
tiép can Ii thuyét cho van dé nay co6 thé ké ra nhu li thuyét MO-ADK (Molecule
Ammosov-Delone-Krainov) [9], gan ding trudong manh SFA (Strong Field
Approximation) [6] hay nhiing phuong phép s6 ab initio nhu giai s6 phwong trinh
Schrodinger phu thudc thoi gian (TDSE) [7], Hartree-Fock phu thugc thoi gian (TDHF)
[2, 4], Ii thuyét phiém ham mat d6 phu thudc thoi gian (TDDET) [8]. Biém chung cua
cac phuong phap giai tich nhu MO-ADK hay SFA 1a déu xem mat d6 cua I6p dién tur
ngoai ciing quyét dinh dén sy phan bb xac suat ion héa cua phan tir véi sy dinh huéng
cua laser, cac 1op dién tir bén trong lién két chat véi hat nhan do d6 xem nhu dong gop
khong déng ké.
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Trong c6ng trinh thyc nghiém nam 2010 [3], dé giai thich két qua do mat do ion
héa cho phan tir OCS, cac tac gia nhan thay hiéu wng Stark 12 quan trong va can duoc
tinh dén trong cac Ii thuyét nhu MO-ADK hay SFA. Pay 1a mot dong gop quan trong
trong viéc phat trién cac Ii thuyét tinh mat do ion hda cho cac phan tir phan cuc vi trude
day hiéu ung nay khong duoc tinh dén. Bang céach sir phuong phap TDSE cho mé hinh
phan tr phan cuc Z,Z, chiing tdi ciing da x&c nhan lai két qua nay trong cdng trinh [1].
Tuy nhién, gan day céac két qua do thuc nghiém mat do ion hoa cua phan tir CO trong
nam 2011 [5] va 2012 [10] lai hoan toan khong thé giai thich dugc bang Ii thuyét MO-
ADK c6 tinh dén hiéu tmg Stark, hay ké ca cac phuong phap TDSE st dung gan ding
mot dién tir SAE (Single Active Electron). Nam 2013, trong cong trinh [2] céac tac gia
sir dung phuong phap TDHF giai s6 phuong trinh Schrédinger phu thugc thoi gian khi
phéan tir CO tuong tac vai chum laser, phén tich so sanh véi phuong phap stir dung mé
hinh mat orbital hoat dong SAO (Single Active Orbital), céc tac gia chi ra rang mac du
cac dién tir bén trong lién két chat vai hat nhan nhung dong hrc hoc cua né khdng thé
bo qua va dong vai trd rat quan trong trong viéc tinh todn mat do ion hoa cua phan tir
CO. Piéu nay gay mot sy chd y Ién trong cong dong khoa hoc vi day 1a 1an dau tién
anh huong dong huc hoc cua cac hat nhan va cac 16p dién tir bén trong lai duoc quan sat
rd rang nhu vay.

Phuong phap TDHF duoc cac tac gia st dung trong cong trinh [2] l1a mot phuong
phap dugc quan tam phét trién trong nhiig nam gan day. Piém manh cia phwong phép
nay l1a xét dén toan bo dong gop ciia cac 1op dién tir do d6 két qua rat dang tin cay, co
thé dung 1am tiéu chuan kiém tra danh gia cac phuong phap khac. Tuy nhién, ciing vi
vay ma phuong phap nay c6 khdi lugng tinh toan rat 16n va chi méi duoc xay dung va
&p dung duoc trong mot vai trudng hop cu thé. Va vi 1a giai sé nén céc két qua sé cung
cap it hiéu biét vé& qua trinh hién twong vt Ii bén trong. Trong cong trinh nay, ching toi
st dung phuong phap TDSE két hop gan dang mot dién tir, xét dén anh huong coa
dong luc hoc phén cuc 18i (dynamic core polarization) dé tinh xac suét ion héa cua
phan tir CO. Muc tiéu cua nghién ciru nay 1a dé xem liéu chi can sir dung gan dang mot
dién tir va tinh dén anh huéng cua dong luc hoc phan cuc 16i cé thé giai thich dugc két
qua thyc nghiém do mat d6 ion hda cua phén tir CO hay khong. Pay la mot nghién ciru
c6 y nghia dinh hudng vé mit phuong phap tinh toan.

2. Phwong phap TDSE tinh xac suit ion hda

Pé tan dung tinh ddi xang truc, giam bat khdi lwong tinh toan, phan tir CO duoc
dinh phwong hoan toan trén truc Oz, mot laser ¢ vec to phan cuc nam trong mat phang
yOz dugc chiéu vao dé twong tac véi phan tir. Xac suat ion hoa caa phan tir CO s& dugc
khao sat theo goc dinh phuong S, 12 géc hop béi truc phén tir (tir C dén O) va phuong
cua vec to dién truong khi truong dién cua laser ¢o gia tri cuc dai nhu trong Hinh 1.

15



TAP CHi KHOA HOC BHSP TPHCM S6 12(90) nam 2016

Z A
laser
O [
@] y
C &

Hinh 1. M6 hinh “thi nghiém” khdo sat bai toan

Phan tir CO duoc md hinh nhu mét dién tir hoat dong chuyén dong dudi téc dung
cua thé Coulomb gay ra boi hat nhan va cac dién tir \73AE(r,0), cua thé dong luc hoc
phan cuc 18i V, (F,t), va cua thé tuong tic cua dién tir va dién truong laser V, (F,t).
Phuong trinh Schrédinger phu thudc thoi gian trong hé don vi nguyén tir dugc cho bai:

AVEEN A ~ - 81// rt

{7+VSAE(r,0)+VP(r,t)+VL(r,t)}//(r,t):#. 1)

Phuong phap dé giai phurong trinh (1) va tinh xac suat ion hoa da duogc trinh bay
cu the trong cong trinh [1], trong bai viet nay chling tai chi tap trung trinh bay vao viéc
xay dung theé mot dién tir hoat dong va thé dong luc hoc phan cuc 16i.

2.1. M0 hinh mgt dién tir hogt déng

V& co ban, chiing t0i sir dung md hinh mot dién tir hoat dong LDA+LB nhu trong
cong trinh [11], chi khac ching i tinh truc tiep cac tich phan thay vi khai trién the
ndng theo cac da thuc Legendre. The nang tuong tac cua mo hinh mot dién tu hoat
dong bao gom ba thanh phan:

Voue (r,0) =V, (r,0)+V, (r,0)+V,(r,0), (2)
trong d6, V,, (r,0) 1a trong tac ctia hat nhan véi dién tir, V,, (r,0)1a tuong tac cia cac
dién tir v6i dién tir va tuong tac trao déi lién quan dén spin cua dién tir 1a V, (r,0).

Tuong tac cua hat nhan vai dién tu chinh la thé twong tac Coulomb cua dién tir va
N, hat nhan duoc cho bang biéu thirc:

N, Z
V. (r,0)=- ! : (3)
(r6) ;\/rz —2rcosfz, + 1}

trong d6 Z,,z, lan lwot 1a dién tich va toa do cua hat nhan thir i.

Tong mat do dién tich cua N, dién tir

Ne V4
p(r.0') =%; [, (.00 fdo. (4)
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gay nén tuong tac Coulomb véi dién tur la:

0271 7 "o
v, (rﬁ):].” p(r.0) r'*sin@'dr'dd'de’
000 \/rz +r7 —2rr’[sin03in0’cos(go’—go)+cos@cos€’]

()

s /,0[ .
J' p(r.0) r'?sin@'dr'dg'de’,
0 \/rz +r'2=2rr'[sin@sin ' cos ¢’ +cosH cos o]
trong d6, ham song dién tir ¥, (r',6',¢") dugc tinh bang phuong phéap Hatree-Fock voi
hé ham co s& AUG-cc-pVTZ dugc tich hop trong phan mém Gaussian 03.
Thé trao d6i bao gom hai thanh phan:
V,, (r,0)= V.2 (r,0)+V3° (r,0). (6)
O day thé gan dung mat d6 dia phuong la:
6 1/3
V;DA(r,e)z{—pg(r,Q)} , (7)
T
véi p,(r,0) latong mat do cac dien tar co cing spin o . S hang thé hiéu chinh dao
ham la:

A (X V()
1+3ny, (r,0)sinh [z, (r,0)]

Ve (r,0)= : (8)
Véi

Za(r’g):|Vpa(r’0)|p;4/3(r10) (9)

Hai hé sé y,n dugc chon sao cho thé ion hda caa mé hinh gan vai thuc nghiém.
Tuong tu nhu cong trinh [11], ching tdi chon y =1, = 0.05.

Vé mit tinh toén, thé twrong tac & nhiing khoang cach xa rat kho tinh do hai
nguyén nhan. Mot 1a cac ham séng & xa s& dugc mo ta bang cac ham Slater [ e,
trong khi d6 ham song cua chlng tdi st dung lai duoc md ta bing cac ham Gauss

0e“, véi r 16n cc ham Gauss tién vé khong nhanh hon so voi cc ham Slater. Hai
la ra xa hat nhan thé nang tuong tac cang nho do d6 viéc tinh toén la rat kho. Tuy

nhién, ham thé nang V. (r,6) s& c6 dang -1/t khi r —oo; do d6, ching t6i xem voi
gia tri cua Vg, (r,0)dugc xem nhu bang —1/r . Trong cng trinh
nay, khao sat nhiéu gia trj cia r,,
nhan thay gié tri caa r,, >10 a.u..

2.2. Thé niing twong tic cuia laser

nhiing gia tri r>r,,,
xem xét sy anh huong 1én mat d6 ion hda chdng toi
ut —

Thé ning twong tac cua laser bao géom hai thanh phan, thé ning twong tac cua
laser véi ludng cuc dién tu:
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V, (F,t)=EF (10)
va thé ning twong tac gy ra boi dong luc hoc phan cuc 16i o E voi ludng cuc dién tu:
A aEF
Vp(r,t)z—T, (11)
trong do
a, 0 0
a= 0 a, 0 (12)
0 0 «

Ia tensor phan cuc bac 2. Do phan tir CO la phan tir théng, nam trén truc Oz nén chi c6 3
thanh phan nam trén duong chéo cua tensor nay khac khong va thanh phan theo hai
phuong X va y 1a nhu nhau. Luu y la chi ¢6 hat nhan va cac dién tir con lai tao nén sy phén
cuc nay, do d6 o lacuaion phantir CO* chir khdng phai cua phén tir trung hoa CO .

Khéc vai cong trinh [2] bang cach khop ham cua o E véi ludng cuc cam ung aé
thu duoc cac gia tri khac khéng cua ma trana ; trong cong trmh nay, chung t6i dé nghi
su dung chirc nang polar”duoc tich hop sin trong phan mém Guassian dé tinh dai
lwong nay. Nguyén tic caa phuwong phap nay 14 cho phan tir twong tac véi truong dién
yéu, sau d6 khép ham thé ion héa theo biéu thuc cua hiéu ung Stark:

,(E)=1,(0)+ALE +%ETA(1E, (13)

dé thu dugc gia tri cua tensor ¢ . VAan st dung phwong phap Hatree Fock va hé ham co
s6 AUG-cc-pVTZ, dau tién ching t6i thu dugc tensor « cho CO, két qua thu dugc
gan vai cac gia tri thuc nghiém. Do d6, chling tdi tiép tuc s dung dé tinh cho phan ti
co*va thu dugc cac gia tri  khac khéng cua tensor o la
a, =a, =6.72au,a, =12.22 a.u. Cac gia tri nay la 16n hon khoang 2 lan so véi cong
trinh [2], twong ung la «, =a, =3.28 au,a, =532 au. Nguyén nhan cua sy khac
nhau nay theo ching toi la trong [2] cac tac gia sir dung moé hinh SAO trong khi ching
toi str dung SAE.
Cudi cuing thé ning twong tac cua dién truong laser s& duoc viét lai thanh:

Vip (F,t) =V (F,t)+V} (F,t) = E, (t )y[l_r_J+ E, (t)z (1_0;_3) (14)

Dé tranh cac diém ki di gan hat nhén, cac diém nam trén va trong mit elip c6
phuong trinh

x2 z2

=1 (15)
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thi V, (F,t) va V, (F,t) triét tiéu 13n nhau nén Vi, (F,t) c6 gia tri bing khang.
3. Kétqua
Trong cong trinh nay, dé kiém chang lai két qua trong [2], laser duoc sir dung co

3 chu ki quang hoc, ham bao cosz(%tj, buéc song 800 nm cuong do

2x10% W/cm? nhu duoc thé hién trong Hinh 2.
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Hinh 2. B thi mét xung laser ¢ 3 chu ki quang hoc,
buéc séng 800 nm cuwong dé 2x10" Wicm?

XAc suat ion hoa cua phén tir CO twong téc véi laser duoc thé hién nhu trong hinh
3. Trong d6, “SAE”c6 nghia 1a md hinh dién tir doc lap ma khong xét dén hiéu ung coa
16i va “SAE+P”c6 nghia la c¢6 xét dén hiéu tmg dong luc hoc phéan cuc 18i vai hé so6
a, =a, =672au,a, =12.22 au. dugc tinh tor chic ning “polar” cla phan mém
Gaussian, va “SAE+P [2]” c6 nghia 1a ¢ tinh dén anh huong cua V, (F,t) nhung véi
hé sé a, = a, =3.28 au,a, =5.32 a.u. nhu trong cong trinh [2].

Tur két qua trong Hinh 3 ¢ thé nhan thay anh huong cua thé phan cuc 1a khong
thé b6 qua. Néu khong tinh dén V, (F,t), khoang 6% dién tur s& bi ion héa tai goc dinh
phuong 0°, sau d6 x4c suat ndy giam nhe va tang 1én dén gia tri cuc dai khoang 9% khi
goc dinh phuong 1a 180°. Nguoc lai, khi xét dén anh huong cua V, (F,t) véi gid tri «
tir tinh toén caa ching toi, xac suat ion hoa dat gia tri cuc dai tai géc 0° c& 10,5%, giam
dan dat gia tri cuc tiéu tai goc 120° va tang nhe va khi goc dinh phwong dat gié tri 180°
thi xac Xuét nay dat ¢ 4,9%. Diéu nay cé nghia 1a phan tar CO s& dé bi ion hoa hon khi
laser chiéu theo chiéu tir C dén O (géc dinh phwong 0°) so véi chiéu nguoc lai. Diéu
nay hoan toan phu hgp vai cac cong trinh Ii thuyét [2] cling nhu thyc nghiém da duoc
cbng bo [5, 10]. Trong [5], céc tac gia st dung laser phan cuc thang hai mau, con trong
[10] cac tac gia sir dung laser phan cuc tron va elip dé ion héa phan tir CO, ca hai két
qua thyc nghiém déu chi ra rang phan tir CO s& bi ion h6a manh hon khi laser chiéu tir

19



TAP CHi KHOA HOC BHSP TPHCM S6 12(90) nam 2016

C dén O so0 véi chiéu nguoc lai. Tir nhitng phan tich trén cho thay ¢ thé sir dung md
hinh gan ding mot dién tir ¢ tinh dén anh huong cua dong luc hoc phéan cuc 18i dé tinh
X4c suat ion hoa cua phan tir CO va anh huéng cua thé dong hec hoc phan cuc 16i 1én
X4c suét ion hoa caa phan tir CO can duoc xét dén va khdng thé bo qua.

Xét hai truong hop st dung gié tri khac nhau cia «, mot la tur tinh toan cua
ching toi va hai 1a tir cong trinh [2] déu dan dén cing mot két luan 1a anh huong coa
dong hec hoc phan cuc 18i 1a khéng thé bo qua, s anh huong cia né dan dén su thay
d6i dang ké mat do ion hoa tai géc 0° va 180°. Nhu da phan tich & trén, gid tri o tir
nhiing tinh toan caa chdng toi 16n hon ¢& 2 1an so vai gid tri trong cdng trinh [2], dan
dén mat do6 ion hoa tai géc 0° taing manh hon va tai 180° giam manh hon. Piéu nay c6
nghia 1a gid tri « cang Ién thi anh hudng cua no 1én mat do ion hda cang lon.
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Hinh 3. Xac sudt ion hda cia phan tiz CO khi twong tac véi laser
¢6 3 chu ki quang hoc, buéc song 800nm cuong do 2x10" W/cm?

4.  Kétluan

Trong cong trinh ndy, chiing t6i da ching minh duoc vé mat phuong phép c6 thé sir
dung mé hinh gan diing mot dién tir hoat dong, tinh dén anh huong cia dong luc hoc phéan
cuc I8i dé tinh xac sut ion hoa caa phan tir CO. Phuong phap nay can dwoc nhan rong va
kiém tra cho cac phan tir khac. Phan tich két qua thu dugc ching tdi nhan thiy anh huong
cta dong luc hoc phan cuc I8i 1a khong thé bo qua trong tredng hop phén tir CO. Céc két
qua thu duoc ph hop véi cac cong trinh 1i thuyét va thuc nghiém da cong b.

Ghi cha: Cong trinh nay dwoc thuc hién trong khudn khé dé tai nghién cizu khoa hoc
cap co so nam 2015 cua Truong Pai hoc Su pham TPHCM, véi ma so CS.2015.19.65.
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