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Chung tdi khao Sét’ Sy phu thuéc vdo géc dinh phwong ciia cuwong dg song diéu hoa bdc
cao (HHG) va xac suat ion héa bang phwong phdp gidi so phuong trinh Schrodinger phu
thugc thoi gian cia phan t H, dang dao dong twong tdc véi laser magnh. Ching t6i nhan
thdy khi tang dan géc dinh phwong, cwong do 7HHG trai qua mét cuc tiéu. Bdc dao dong
hat nhdn cang cao, cuong do HHG dat cuc tiéu tai géc dinh phwong cang lon. Ngoai ra,
khi hat nhdn d@ing yén, hay hat nhdn dao dong, xac sudt ion hoa cua phan tx H; giam dan
khi tang goc dinh phuong.
Tir khoa: laser cuong do cao, song diéu hda bac cao, Xac suat ion héa, dao dong hat
nhén, giao thoa, goc dinh phuong.
ABSTRACT
The dependence of high-level harmonic wave signal and ionization probability of H;
on the orientation angle considering the nuclear vibration

We examined the dependence on the molecular orientation of high-level harmonic
wave intensity generation (HHG) and ionization probability by solving numerically the
time-dependent Schrodinger equation of vibrating molecule H, exposed to an intense
laser pulse. We show that the HHG intensity undergoes a minimum when we increase the
orientation angle. The stronger the nuclei vibrate, the higher the orientation angle of the
minimum is. Besides, for both the fixed and vibration nucleis of H,, the ionization

probability decreases with the increase of the orientation angle.

Keywords: ultrashort intense laser, high-harmonic generation, ionization probability,
nuclear vibration, interference, orientation angle.

1. Giéithigu

Nghién ciru cau tric cua nguyén tir, phan tir ludn 12 linh vuc nghién ciu s6i dong,
nhiéu tiém ning cua nganh vt Ii hoc. Su ra doi cua nhitng nguon laser manh d4 cung
cap mot cong cu hitu hiéu giup thic day sy phat trién caa khoa hoc néi chung, va vat Ii
noi riéng. Trong do, twong tac gitra phan tir, nguyén tir véi truong laser c6 cuong do
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cao, Xung cuc ngém & mot trong nhirmg hudng nghién ctru s6i dong, dugc cha y téi
trong nhitng ndm gan dy [9, 13]. Mot trong nhitng hiéu Gng xdy ra trong qua trinh
tuong tac nay la phé phat xa song diéu hoa bac cao (high-order harmonic generation -
HHG). Nam 1994, Lewenstein va cac cong su [9] da giai thich thanh c6ng qua trinh
kich thich phat xa HHG bang mé hinh ba budc béan ¢ dién, trong do, ban dau dién tir
duogc ion hda xuyén ham ra khoi nguyén ti, sau d6 dién tir chuyén dong trong mién lién
tuc dudi tc dung cua truong laser, cudi cung khi laser ddi chiéu, dién tur tro vé tai két
hop vai ion me va phat ra HHG. Bén canh d6, qua trinh ion hoa cua nguyén tr, phan ta
dong vai trd quan trong bai no 1a co s¢ dé giai thich hang loat nhiing hiéu tng phi
tuyén nhu HHG, hiéu tng phan ly trén ngudng (above-threshold dissociation - ATD)
va ion hoda tang cuong do cong huong dién tich (resonance-enhanced ionization-
CREI).

Rat nhiéu cong trinh Ii thuyét va thuc nghiém d4 chi ra rang phd HHG va xac suat
ion hoa cua phan ti rt nhay vai huéng dinh phuong cua phan tu [4,6-8,12]. Mot trong
nhirng hi¢u ung quan trong do 1a xuat hién bac HHG ma tai d6 cuong do HHG dat cuc
tiéu trong phd song diéu hoa bac cao cua phan tu [6,7]. Hién tugng giao thoa nay da
duoc giai thich thanh c¢éng biang md hinh giao thoa hai tdm ¢6 dién. Khao sat su phu
thude cuong do HHG ciia phan tr H; va H,vao goéc dinh phuong [6] chi ra rang, ton
tai mot goc dinh phuong “t6i han” ma tai d6, cuong d6 HHG dat cuc tiéu. Hon nita, tai
goc dinh phuong naycé sy nhay pha HHG gan bang 7 radian. Sau do, nghién ciu anh
huéng cia goc dinh phuong 1én phd HHG ciia phan tir ba tam H2* [8] da ching minh
rang ton tai mot cuc tiéu cudng do kép do hiéu ung giao thoa dién tir gay ra. Nam
2007, Telnov va Chu [12] d4 tinh toan su phu thudc cia HHG va xac suat ion hoa da
photon cua H, vao goc dinh phuong cua laser, khi dién tir duoc Kich thich tur trang thai
co ban va hai trang théi kich thich dau tién. Két qua chi ra ring HHG va xac suét ion
hoa phu thuéc manh vao sy phan b6 mat do dién tir & cAc muc nang lugng khac nhau.

Trong céc cdng trinh trén, dé giam sé bac tu do khi tinh todn HHG, céc tac gia da
gia thiét rang hat nhan phan tir ding yén, con dao dong cua hat nhan khong duoc tinh
dén. Thém vao d6, khao sat anh huong cia dinh phuong phan tir 1én pho HHG va xac
suit ion hoa tinh dén chuyén dong hat nhan mai duoc quan tam trong maot vai cong
trinh gan déy [1,3,10]. Bang phuong phap ban c¢b dién, Gonoskov [3] ¢4 chi ra rang khi
xét dén dao dong hat nhan, hiéu ung giao thoa khdng con quan séat duoc tir phd HHG.
Tuy nhién, tinh toan bang phwong phép giai sb phuong trinh Schrédinger phu thudc
thoi gian (the Time — Dependent Schrédinger Equation — viét tit 1a TDSE) da ching
minh rang khi hat nhan dao dong, cudng d6 song HHG dat cuc tiéu tai bac nho hon so
véi khi hat nhan c¢b dinh [10], phu hop véi két qua thuc nghiém d4 duoc quan st trudc
d6 [1]. Ngoai ra, pha HHG s& nhay mot goc xap xi bang 7 radian khi di qua mot goc
dinh phuong*tdi han” khi xét dén dao dong hat nhan. Tuy nhién, trong céc cong trinh
trén, quy luat su phu thudc cua cudong dd HHG va xac suét ion hda cua phan tir vao goc
dinh phuong khi tinh dén dao dong hat nhan chua dugc nghién ciu, do vay, ching toi
ldy day 1a dé tai nghién cau caa cong trinh nay.
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Pé tinh toan phé HHG va xac xuat ion hoa caa phan tr H; dao dong khi twong
tac voi laser, ching t0i st dung phuong phap TDSE két hop vé6i gan dang Born —
Oppenheimer (BO). Sau d6, chung ti tien hanh khao sat anh huong cua goc dinh
phuong phén tr 1én cuong do HHG va xac suat ion hoa, khi hat nhan c6 dinh, va hat
nhan dao dong vai cac trang thai khac nhau, khi phan tir twrong tac vai laser ¢ thong so
khac nhau.

Noi dung bai bao duoc trinh bay trong bén phan. Trong phan mét, ching toi trinh
bay tinh hinh nghién citu va van dé nghién ctu cua céng trinh nay. Tiép theo 1a phuong
phép giai s6 phuong trinh TDSE cho phan tir H. Phan ba trinh bay céc két qua vé su
phu thudc vao goc dinh phwong cua cuong d6 HHG va xac suat ion hoa khi tinh dén
dao dong hat nhan. Phan ket luan trinh bay nhirng két qua chinh cua cong trinh nay.

2. Phwong phap TDSE tinh HHG va xic suit ion hoa cia phan tir H;

Khi twong tac voi laser c6 xung ngan, truc cua phan tir quay cia khong dang ké
$0 Véi dinh phuong ban dau. Do d6, d6i véi ion phan tir H, hiéu tng quay cia phan tir
duoc bo qua. Trong bai bao nay, chling toi su dung mo hinh hai chiéu cho dién tir va
mot chiéu cho hat nhan phén tua. Phuong trinh Schrodinger phu thugc thoi gian cho
phén tir H; khi twong tac vai truong laser duoc viét trong hé don vi nguyén tir c6 dang

2 2 2
i_\P(X’y’R't): - 4 2 d 2 4 2
ot 20X 20y 2ucR

+V, (x,y,R)+VL(x,y,t)j‘P(x,y,R,t),

(1)
trong d6 X, Y 14 toa do cua dién tr ddi v6i khéi tam cua hat nhan, R 1a khoang céch lién
hat nhan, 4 1a khéi luong rit gon cua hai hat nhan. V. (X,y,R)va V_ (x,y,t) lan luot 1
thé nang tuong tac Coulomb va thé ning twong tac giira phan tir véi truong laser (xem
[10]).

D¢ giai phuong trinh Schrodinger trén bang phuong phap giai s6, chiing 6i st dung
phuong phap tach toan tir [2] va phuong phép thoi gian ao [5]. Vi khoi lugng hat nhéan
phén tir H; 16n hon rat nhiéu so véi khdi lugng dién tir, nén chuyén dong cua dién tir
duge coi nhu xay ra “tirc thoi” so voi chuyén dong ciia hat nhan. Do v4y, gan ding
Born — Oppenheimer dugc st dung nham tinh toan ham song ban dau cua hé phan tu
khi chua twong tac voi laser (xem [10]).

Ap dung dinh Ii Ehrenfest, gia téc ludng cuc cua phan tir dugc tinh boi biéu thirc
a(t)=-E—(y|VV,|y), trong 46 E la vecto cudong do dién tru(‘yng cua laser. Bang phép
bién dbi Fourier tir khdng gian thoi gian vao khong gian tan so cua gia tdc ludng cuc, ta
thu dugc cuong dd6 HHG theo vecto phan cuc n tai mot tan s6 @

(o) = \ [ a(t).n.eiwtdt\ . )
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Pé tinh xéc suat ion hoa, ching téi gisi han mién ion hoa nhu sau

s=finite )z Beaf ] o

trong d6 a, = 20 a.u. la khoang céch tir hat nhan ciia phan tir dén vi tri c6 thé xem Ia bat
dau xay ra su ion héa. Ching t6i chon a, =20 a.u. vi khi tinh toan voi cac giatri a lon
hon 20 a.u. thi gia tri Xac suét ion hoa thay d6i khong dang ké. Xac suat ion hoa dugc
dinh nghia béi biéu thirc
2
P(t) = [ [l (x.y. R.D[ dxdlydR
(4)
Gia tri P(t) thé hién kha ning tim thay dién tir & ngoai mat cau co duong kinh
a,+R/2, nghia la di¢n tir lubn ¢ cach xa proton it nhat 20 a.u. Do d6, trong mé6 hinh
nay, P(t) biéu dién xac suat ion héa, tirc 1a xac suat dé xay ra phan tach H*+H* +e.

Pé trich xuét thong tin dong luc hoc hat nhan, ching tdi tinh toan gié tri khoang
cach lién hat nh&n phu thugc vao thoi gian trong tac voi laser

R(t) :mw*(x,y,R,t)Rw(x,y,R,t)dxdydR.
()

‘Trong cong trinh nay, chung t6i st dung ludi s6 tinh toan 400 a.u. x 400 a.u. cho
chuyén dong cua dién tir, va doi vai hat nhan tir 0.2 a.u dén 10.2 a.u.
3. Kétqua ’

Trong phan nay, chung téi sé trinh bay két qua su phu thudc cua cuong d6 HHG
VA X4C sut ion hoa ctia phan tir H; vao goc dinh phuong khi hat nhan phan tir dung
yén va dao dong vai cac trang thai khac nhau.Vi trong thuc nghiém chi do dugc HHG
phat ra theo phuong song song va phuong vudng goc vai vecto phén cyc cua laser. Mat
khéc, thanh phan HHG phat ra theo phuong vudng goc duge do bang thyc nghiém rat
nho so vai thanh phan song song. Do d9, trong cong trinh nay, chung téi chi trinh bay
HHG cua phén t H, duoc phat ra theo phuong song song véi vecto phan cuc cia
laser
3.1. Swphu thugc cia cwong dp HHG cua H; vao goc dinh phwong

Sau khi thu dugc phé HHG cua phan tor H:khi tuong tac véi laser ing voi céac
goc dinh phuong khac nhau, chung toi biéu dién sy phu thugc ciaa cuong d6 song HHG
phat ra theo phuong song song Vdi vecto phan cuc cua laser vao goc dinh phuong tng
vé6i cac bac HHG khéc nhau (hinh 1). Khi hat nhan dang yén, do thi ang véi bac HHG
25, 33 va 45 duoc biéu dién (hinh 1a), con khi hat nhan dao dong véi v =1, cudng do
HHG ng voi bac HHG 15, 23 va 31 dwoc minh hoa (hinh 1b). Do tinh chat ddi xang
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ctia ham song dién tir ciia phan tir H:nén ching t6i chi khao sat phd HHG vai goc dinh
phuong tir 0° dén 90° voi budc nhay 1a 10°.

Tur hinh 1, chiing t6i nhan thiy cudong d6 HHG cia phan tir H;dat cuc tiéu tai
mot géc dinh phuong “téi han”. Thém vao d6, khi bac HHG cang tang, goc dinh
phwong ma tai d6 cuong d6 HHG dat cuc tiéu ciing tang. Nguyén nhan caa hién tuong
nay la do su ton tai cua diém giao thoa cuc tiéu— trong mién phang cua phd HHG xuat
hién mot bac HHG ma tai 6 cuong d6 HHG dat cuc tiéu, va bac HHG nay ting khi
tang goc dinh phuong [6-8].Ngoai ra, sy ton tai ciia diém giao thoa cuc tiéu trong phd
HHG ngay ca khi xét dén dao dong hat nhan ciing d4 duoc khang dinh [9,10]. Do do,
két luan nay khong chi dang cho trudng hop hat nhan dang yén ma con phi hop khi hat
nhan dao dong.

Cuong do HHG (theo thang log10)

N 1\ .
20 40 60 80

Goéc dinh phuong (d)) Géc dinh phuong (d))

Hinh 1. Sy phu thugc cuong dé HHG cua H, vao goc dinh phwong
khi hat nhdn diing yén (a) va hat nhdn dao dong voi v =1 (b).
Laser ¢6 cuong dé 3x10* Wiem?, bude séng 800 nm, d¢ dai xung 21 fs.

Khi hat nhan ding yén, cuong @6 HHG phat ra khi vecto phan cuc cua laser chiéu
vubng gdc véi truc phan tir (goc 90%)16n hon so véi treong hop chiéusong song (géc 0°)
(hinh 1a). Ngugc lai, khi hat nhan dao dong, cuong 4o HHG phét ra khi goc dinh
phuong bang 0° dugc ting cuong (hinh 1b). Piéu nay c6 thé giai thich la do khi hat
nhan dung yén, dau hiéu giao thoa cuc tiéu xuat hién trong phé HHG ngay ca khi géc
dinh phuong nho, do vay cudong d6 HHG bi giam, con véi goc dinh phuong 16n, diém
giao thoa bi vuot ra khoi mién phang nén khong quan sat dwgc trén phd HHG. Mt
khéc, khi hat nhan dao dong, diém giao thoa cuc tiéu bi dich vé phia bén trai caa mién
phang [10], do vay Vvéi goc dinh phuong nho, diém giao thoa khong quan sat duoc trén
phé HHG, cuong d6 HHG theo duge ting cudng so véi goc dinh phuong 90°.
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Cuong do HHG (theo thang log10)

0 20 40 60 80 o 20 40 60 80
Go6c dinh phuong (d9) Go6c dinh phuong (d9)

Hinh 2. Sy phu thuge cuong dé HHG cua H, vdo goc dinh phuong dsi véi bgc HHG
31(a) va bac 23 (b) khi hat nhdn dao dong vai cac trang thai khac nhau.
Laser duwoc sir dung ¢6 théng sé giong hinh 1.

Pé thuan tién trong viéc so sanh vi tri diém cuc tiéu cudong dd6 HHG khi hat nhan
& céc trang thai khac nhau, trén hinh 2 biéu dién sy phu thudc cuong d6 HHG vao géc
dinh phuong ddi voi bac HHG 31 khi hat nhan ding yén va dao dong voi v =1(hinh
2a), dbi véi bac HHG 23 khi hat nhan dao dong vai trang thai v =1va v =2(hinh 2b).
D& dang nhan thay trong truong hop laser chiéu song song véi truc phan tir, su khac
biét vé cudong dd HHG khi hat nhan dung yén va hat nhan dao dong (hinh 2a), hoic khi
hat nhan dao dong vai cac trang thai khac nhau (hinh 2b) I6n hon so véi truong hop
laser chiéu vudng goc. Trong cong trinh nay, ching téi khong trinh bay cho truong hop
hat nhan dao dong véi v =0vi lGc ndy xac suat ion hoa rat nho (<1%) nén db thi HHG
thu dugc khong co dic trung co ban caa phd. Ngoai ra, md hinh giao thoa hai tam chi
thoa man khi khoang cach gitta hai tdm nho, mat khac, khi hat nhan dao dong véi bac
cao v>2, khoang cach lién hat nhan phan li nhanh [11] dan dén vi pham diéu kién giao
thoa. Do d6, khi v>2, dau hiéu giao thoa dién tir khdng con nhan biét duoc tir phd
HHG, vi tri cyc tiéu trong do thi cuong dé phu thudc vao goc dinh phuong s& khong rd
rang.

Tur hinh 2a, ta thy véi bac HHG bang 31, vi tri cuc tiéu cuong d6 HHG @ng voi
goc dinh phuwong 30° khi hat nhan dung yén; va goc 50° khi hat nhan dao dong voi
v=1. Khi xét bac HHG bang 23 (hinh 2b), cuong 46 HHG dat cyc tiéu khi goc dinh
phuong phan tir twong tng 40° khi hat nhan dao dong véi v =1; va 50° khi hat nhan
dao dong véi v=2. Tinh toan cho cac bac HHG khac, va khi laser tuwong tac c6 thong
sb khac nhau, ching t61 thu dugc quy luat twong tu. Nhu vay, khi hat nhan dao dong, vi
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tri diém cuc tiéu xay ra tai goéc dinh phuong 16n hon so véi truong hop hat nhan dung
yén. Ngoai ra, hat nhan dao dong cang manh mé, cudng do HHG cyc tiéu tai goc dinh
phuong cang 16n. Nguyén nhén cua hién tugng nay la do véi cung mot trang thai caa
hat nhan, khi goc dinh phuong cang ting, bac HHG ma tai d6 xay ra diém giao thoa
cuc tiéu cang ting. Thém vao dé, vai cing mot goc dinh phuong, khi bac dao dong hat
nhan tang, vi tri diém giao thoa trong phé HHG cang dich vé phia bén trai cia mién
phang, tac 12 bac HHG giam.
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Hinh 3. Sy phu thuge cuong dé HHG cua H, vao goc dinh phuong dsi véi bgc HHG 31
khi twong tdac vai laser ¢oé bude song 800 nm, do dai xung 27 fs va cuong do khac nhau.
Xét cac truong hop: hat nhan phan tu ding yén (a) va dao dong voi v=1 (b).

Tiép theo, chung tdi khao sét sy phu thudc cua vi tri diém cyc tiéu caa cudng do
HHG vao thdng s6 cudng do laser. Hinh 3 thé hién két qua cho cac cuong do 2x10%
W/em?, 3x10"W/cm?® va 4x10* W/ecm? ddi véi bac HHG 31 khi hat nhan dang yén
(hinh 3a) va khi hat nhan dao dong voi v=1 (hinh 3b). Chlng t6i nhan thay, khi hat
nhan dang yén, cuong d6 HHG dat cuc tiéu tai goc dinh phuong 30° va khdng phu
thudc vao cudng do laser. Twong tu, khi hat nhan dao dong voi v=1, diém cyc tiéu dat
dugc khi goc dinh phuwong 1a 50° (hinh 3b). Didu nay duogc giai thich 1a do vi tri diém
giao thoa cuc tiéu trong phé HHG hau nhu khong phu thudc vao thong sé cua laser
twong tac [6-8, 10]. Nhu vay, Vi tri cyc tiéu cuong d6 HHG nhu khong thay doi khi
thay d6i théng s6 cuong do laser. Két qua khao sat véi laser co do dai xung khac nhau
ciing cho két qua tuong tu.
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3.2. Swphu thugc cia xac sudt ion héa ciia H} vio géc dinh phwong

St dung cong thuc tinh toén xéac suét ion hoa (4), chling tdi tinh toan xac suat ion
hoa cua ion phéan tor H;khi twong tac voi laser trong treong hgp hat nhan dtng yén va

hat nhan dao dong.
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Hinh 4. Sy phu thugc xac sudt ion hoa cua H; vao thoi gian twong tic véi laser cé cuong

do 4x10% Wicm?, bude séng 800 nm, do dai xung 27 fs iing Véi cdc géc dinh phirong khdc
nhau khi hat nhdn dimg yén (a) va hat nhdn dao dong véi v =1 (b).

Trén hinh 4 minh hoa xéac suat ion hoa caa H;khi twong téc véi laser ing véi cac
goc dinh phuong khac nhau trong hai truong hop hat nhan ¢6 dinh (duoc nhan véi boi
s6 100 — hinh 4a) va hat nhan dao dong voi v =1(hinh 4b).Ta thiy xac suat ion hoa c6
gié tri khong dang ké trong 4 chu ki dau, nhung bat dau tir chu ki thir 4, x4c suat ion
hoa ting v6i tbe do nhanh. Sau khi dat gia tri cuc dai ¢ chu ki 7, X&c suét ion héa hau
nhu khong di theo thoi gian. D& dang nhan thay, ca khi hat nhan déng yén, hay hat
nhan dao dong, Xac suat ion hda phu thuéc manh mé vao géc dinh phuong.
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Hinh 5. Sur phu thugc xac suat ion hoa (a) va khodng céch lién hat nhan (b) cia H;
Va0 géc dinh phuong khi tuong tdc véi laser ¢6 cuwong do 3x10** W/em?, buéc séng 800
nm, dé dai xung 21 fs.

Tiép theo, chling t6i biéu didn sy phu thudc xac suat ion hoa tai thoi diém tét laser
vao goc dinh phuong cho truong hop hat nhéan ding yén va hat nhan dao dong v@i cac
trang thai khac nhau (hinh 5a). Gia tri xac suat ion hoa dugc nhan vai cac hé so ti 1é
thich hop dé dé dang quan sét. Xéc suat ion hda ciia phan tir H; khi hat nhan dao dong
I6n hon rat nhiéu lan S0 véi trong truong hop hat nhan dﬁng yén. Hat nhan dao dong
cang manh mg, xac suat ion hoa cang I6n. Mat khac, xac suat ion héa phu thugc chef}t
ch€ vao goc dinh phuong ctua phén tir. Tang dan goc dinh phuong cta phan tu, xac suat
ion hoa cua phan tr giam dan. Ti 1 xac suat ion hoa phan tir H; giira goc dinh phurong
0° va 90° cho céc trudng hop hat nhan phan tir ding yén, dao dong vai v =0,1,2,3 ting
dan va c6 gié tri lan luot 12 1.7, 5.9, 7.1, 8.9 va 8.8. Trong cdng trinh [13], cAc téc gia
da chtng minh rang xac suat ion hoa phu thugc chat ché vao d0 lon khoang céch lién
hat nhan, theo do, vai khoang cach lién hat nhan nho, tang dan R, gia tri xac suat ion
tang dan. Tuy nhién, ton tai mot khoang gia tri cua R (tir 5 a.u. téi 12 a.u. cho H;) ma
tai d6 xac suét ion hoa duoc tang cuong (hién tugng ion hda cong huong dién tich —
viet tat la CREI). Sau do, tiép tuc tang khoang cach lién hat nhan, xac suat iop hé’a
giam dan. Do d6 chiing t6i tinh toan khoang cach lién hat nhéan phén tu tai th§yi diém tat
laser khi hat nhan dao dong véi cac bac khac nhau (hinh 5b). Két qua cho thay, khoang
cach lién hat nhan cua phan tr H} nho (< 7 a.u.), va ciing gidng nhu xac suét ion hoa,
d6 16n cua R giam déan khi ting goc dinh phuong cta phan tir. Pay chinh 1a nguyén
nhan dan dén sy phu thudc bat dang huéng caa Xac suat ion hoa vao goc dinh phuong.
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4. Kétluan

Bang phuong phép giai s6 TDSE, chung t6i da khao sat sy phu thudc cuong do
HHG va xac suat ion hoa caa phan tir H:vao goc dinh phuongkhi hat nhan ding yén
va khi hat nhan dao dong véi cac trang théi khac nhau. Két qua cho thay gia tri cuong
d6 HHG va xac sut ion hoa cua phan tir H;rt nhay véi goc dinh phuong. Tang dan
goc dinh phuong cia phan tir, cuong do HHG trai qua mot cuc ticu. Khi bac HHG
tang, goc dinh phuong tuong Gtng Vi cuc tiﬁéu cuong do tang. Ngoai ra, hat nhan dqo
dong cang manh, cuong d6 HHG dat cuc tiéu tai goc dinh phuong cang 16n. Xac suat
ion hoa cia phan tr H; giam khi ting dan géc dinh phuwong. Hat nhan dao dong cang
manh mé, dién tr cang dé dang bi ion hoa ra khoi phan ti.

Ghi cha: Cong trinh nay diroc thuc hién trong khudn khé dé tai nghién cizu khoa hoc
cap co so nam 2014 cua Truong Pai hoc Su pham TPHCM, mé so CS2014.19.67.
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