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TOM TAT

Trong nghién cizu ndy, ching t6i siz dung md hinh tdp hop cé dién ba chiéu dé md phong sir
twong quan cua hai electron ion hoa kép cua nguyén tir Ar dudi tac dung cua truong laser hai mau
triee giao cwong dg cao. Két qua cho thay sé sw kién NSDI thay doi rdt manh theo pha tiwong déi va
khong phu thuge vao cuong dg laser. Ngodi ra, cdu triic dau goi trong phé phan bé ti 1é Ar?* theo
pha twong doi ciing khéng xudt hién. Bang phép phan tich quy dao, chiing tdi chizng minh rang thoi
diém tai va cham cua electron ion hda thiz nhat va van téc cia hai electron ngay sau thoi diém tai
va cham phy thugc manh vao pha tuwong doi cia xung laser hai mau, ddy ciing la nguyén nhén
chinh gay ra su thay d@éi hinh dang phé déng lwong tirong quan.

Tir khéa: co ché ion hod; qué trinh ion hod kép khong lién tiép; xung laser hai mau truc
giao; mé hinh tap hop co dién ba chiéu

1.  Gieithiéu

Qua trinh ion hda kép khong lién tiép (NonSequential Double lonization — NSDI) lan
dau duoc phat hién bang thuc nghiém cho nguyén ti kiém thd vao nim 1975 (Suran &
Zapesochny, 1975) va cho nguyén ti khi hiém vao nim 1982 (L'Huillier et al., 1982). Sau
d6, qua trinh nay thu hat rat nhiéu su quan tdm cua cac nha khoa hoc béi nhirng tin hiéu
ghi nhan dugc tir phé dong luong twong quan hai electron (Correlated Two-Electron
Momentum Distribution - CTEMD) cung cap rat nhiéu thong tin vé su tuong tac giita cac
electron trong 16p vo nguyén tir. Qua trinh NSDI ¢6 thé dugc giai thich tét bai mé hinh tai
va cham bén cb dién do Corkum dé xuit vao nim 1993 (Corkum, 1993). Tai thoi diém tai
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va cham, electron thir nhat c6 kha ning truyén du phan niang luong lam cho electron thir
hai bi mét lién két vi ion me, day 14 co ché ion héa truc tiép (e,2e) (Chen et al., 2020);

hodc nang lugng nhan dugc cua electron thir hai chi du dé nhay I1én trang thai kich thich va
s ion hoa lan thi hai xay ra sau mot khoang thoi gian, day 1a co ché ion hda hodn
(Recollision — induced Excitation with Subsequent lonization — RESI) (Bergues et al.,
2012). Luu ¥ rang electron ion hoa thir nhat ¢ thé quay lai tai va cham nhiéu lan véi ion
me dé gy ra qua trinh NSDI, chinh vi vay tin hiéu thu dugc tr CTEMD bi nhiéu loan va
lam anh huéng dén théng tin vé sy twong tac gitta hai electron trong I6p vo nguyén tir
(Bergues et al., 2012; Ma et al., 2018).

Mot trong nhitng ki thuat dé giam thiéu sy dong gop cua qué trinh tai va cham thi
cap 1a viéc sir dung xung laser gan mét chu ki do nhém nghién ciru ciia Bergues tao ra vao
nam 2012 (Bergues et al., 2012). Ngoai ra, xung laser hai mau truc giao (Orthogonal Two-
Color — OTC) ciing 1a mot ¢6ng cu hitu ich dé thu dwoc théng tin thuan khiét vé sy tuong
quan gitra cac electron nho vao kha ning dinh huéng cho cac electron chuyén dong trong
mat phang phan cuc cua hai laser, tir d6 lam cho xac suat quay vé tai va cham nhiéu lan
giira electron ion hoa lan thir nhat vai ion me giam xudng rat thap (Zheng et al., 2015).

Trong hon mot thap ki nay, OTC tré thanh mét c¢ong cu thiét yéu trong viéc kiém
soat dong luc hoc cua qué trinh tao song diéu hda bac cao (Lan, 2009) ciing nhu qua trinh
ion hoa cua nguyén tir, phan tir (Zhou et al., 2010; Song et al., 2017). Bang viéc thay doi
gia tri cia pha twong ddi, cac nha khoa hoc c6 thé kiém soat duoc sy phét xa twong quan
hay phan twong quan gitra hai electron (Zhou et al., 2011), su chia s¢ nang lugng gitra cac
electron ngay sau thoi diém tai va cham (Zhou et al., 2010) hay su xuét hién cua hiéu tng
ngoai phang trong phé dong luong twong quan hai electron (Huynh et al., 2016). Mot diém
kha tha vi trong cdng trinh (Huynh et al., 2016) la khi sir dung xung laser OTC dé khao sat
quéa trinh NSDI cho nguyén tir He, céc tac gia di mé phong thanh cong ciu tric dau goi
trong phd thé hién sy phu thudc caa tin hiéu He?* theo pha twong ddi. Két qua nay chua
duoc tim thay trong thuc nghiém dbi véi He nhung di duoc tim thay khi khao sat nguyén
tar Ne (Yuan et al., 2015). Ngoai ra, két qua khao sét trong cong trinh (Yuan et al., 2015)
cho thdy rang su phu thudc cua tin hiéu Ne?* theo pha twong ddi c6 dang diéu khdng phu
thudc vao cuong do laser. Nhu vay, cAu hoi dat ra 1a nhiing tinh chét trén c6 thay doi
khong khi ta khao sat qua trinh NSDI cho nhitng nguyén tir khi hiém khéc, nhu Ar.

Trong nghién ctu ndy, ching tdi tién hanh khao sat su phu thudc cac qué trinh dong
lyc hoc cua nguyén tir Ar vao pha tuong ddi gitra hai thanh phan dién truong laser hai mau
¢6 cuong d6 khac nhau. Chang t6i tién hanh md phong CTEMD theo tirng truc phan cuc
cua c4c thanh phan dién truong cua OTC va giai thich sy khac nhau vé hinh dang cua
CTEMD khi thay ddi pha twong ddi cia OTC. Bén canh d6, chiing t6i ciing phén tich thanh
cong su chiém wu thé caa co ché ion héa hodn trong viéc chi phéi qué trinh NSDI cua
nguyén tu Ar.
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2. Mb hinh tap hop cé dién ba chiéu

Hién nay, c6 hai cach phd bién dé giai s bai toan NSDI. Céach thir nhét 1a phuong
phédp giai phuong trinh Schréodinger phu thugc thoi gian (Time Dependent Schrodinger
Equation — TDSE) dé cho két qua chinh x&c va gan véi thuc nghiém. Tuy nhién, phuong
phap nay chi cung cap thong tin cua hé & cudi qua trinh twong tac, ddng thoi viéc xac dinh
céc thé twong tac electron-ion va electron-electron kha phuc tap (Hu, 2013). Cach thu hai
12 m6 hinh tap hop c6 dién dugc dé xuat vao nam 2001 (Panfili et al., 2001). Phuong phap
cb dién duoc sir dung rong rai trong viéc nghién ctiu qua trinh NSDI béi ¢6 thé cung cap
dugc thdng tin tai bat ki thoi diém nao trong qué trinh nguyén tir twong tac véi laser.
Phuong phép ¢6 dién dugc chiing minh c¢6 d6 chinh xac twong duong phuong phap TDSE
(Haan et al., 2006) khi cudng do laser va sb luong nguyén tir mo phong du 16n.

Theo md hinh ¢ dién, qua trinh chuyén dong cua hé hai electron ion hoa trong hé
toa d6 Descartes duoc biéu didn bang cach giai phwong trinh dinh luat I Newton (luu ¥ hé
don vi nguyén tir véi e=Aa=m_ =1 a.u. dugc st dung trong toan bo bai nghién ctu trir

nhitng chd dugc chi rd):

d?x 2X. X X,
T | * -E,(t), (1a)
dt2 (Xi2+yi2+zi2+8.2)3/2 |:(xi—xj)2+(yi—yj)2+(Zi—Zj)2_|_b2j|3/2 ( )
dzyz_ Zyi n Yi—Y; E (t) (lb)
dt? (Xi2+yi2+zi2+a2)3/2 [(Xi _Xj)2+(yi_yj)2+(zi_2j)2+b2:|3/2 y
2 _ .
d°z _ 2z, N Z,-1, . 19

at (X +y+7f +a2)3/2 [(Xi _XJ)2+(yi —yj)2+(2i _21)2+b2}

trong d6, i 1a chi sb twong wng cho tirng electron, cac hé s6 1am mém a va b c6 gia tri lan
lwot 14 1.5 va 0.05 (Chen et al., 2016) dé tranh sy ion hoé tu dong. Pién truong laser hai
mau truc giao c6 ham bao dang hinh thang vai hai chu ki bat laser, sau chu ki 6n dinh va
hai chu ki tit laser. Hai thanh phan dién truong cua laser OTC ¢ dang
E,(t)=E,cos(wt).f (t) va E, (t)=E,cos(2wt+Ap).f(t), véi Ap 1 pha twong ddi
gitra hai xung laser.

Theo md hinh cb dién, céc electron chi dugc dic trung boi ning lwong ion hda. Do
d6, lac dau ta thiét 1ap hé nguyén tr & mutc ning luong cua trang thai co ban 1a
—1.5911 a.u., day la tong thé ion hoa cua electron thir nhat va electron tha hai (Ma et al.,
2016) cua nguyén tr Ar. Ban dau, hai electron dugc chuyén dong trong truong hat nhan
mot khoang thoi gian du dai (khoang 100 a.u.) (Truong, 2021) dé thu dwoc su phan b vi
tri va dong lugng 6n dinh cua hé (Ma et al., 2016). Sau d6, xung laser duoc bat 1én dé khao
sat qué trinh NSDI. Vao cubi qua trinh tuong tac v6i trudong laser, nang lugng cua hai
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electron bao gom dong ning, thé niang twong tac ion-electron va mot nira thé ning tuong
tac electron-electron dugc xem xét. Nguyén tir dugc xem 1a ion hoa kép khong lién tiép
néu sau qua trinh twong tac v6i truong laser, ning luong cua hai electron déu mang gia tri
duong (Zhou et al., 2010; Ma et al., 2018) va tdn tai sy kién tai va cham cua electron ion
hoa thir nhét véi ion me.

Pé thu duoc két qua on dinh vé mat thdng ké, ching toi sir dung tap hop nguyén tir
Ar c6 kich thude nam triéu nguyén ti. Xung laser hai mau truc giao sur dung trong céng
trinh ndy co6 cuong d6 dinh laser bang nhau theo truc Ox va Oy lan luot Ia
| =2.5%x10" W/em? va | =1.5x10 W/cm?, buéc song 4, =800 nm, 4, =400 nm. Pha

tuong d6i A¢ cua xung laser OTC c6 gia tri thay dbi trong doan [0,7].
3. Kétqua

Theo tinh toan cua chdng t6i, ti 1& tin hiéu NSDI phu thudc manh vao pha twong dbi
ctia xung laser OTC va c6 chu ki 7z nhu Hinh 1. Sé liéu tai Hinh 1 dwoc chuan héa theo
dinh cao nhat d6i véi cuong do | = 2.5x10™ W/cm? . Két qua cho thdy ti I¢ ion Ar?* dat
cuc dai tai hai gid tri Ag 1a 0.1z va 0.557; dat cuc tiéu khi Ag c6 gia tri 0.3z hoic
0.857 . Két qua ¢ Hinh 1 ciing cho thiy, dang diéu cia duong biéu dién su phu thudc ti Ié
Ar?* theo pha tuong ddi khong thay d6i khi thay doi cuong do hai laser. Tuy nhién, duong
ti 16 Ar®* ing véi cuong do 1 =2.5x10"W/cm?cao hon so v6i cuong do
| =1.5%10" W/cm? boi theo md hinh simple-man (Corkum, 1993) thi xac suit xay ra
NSDI 16n hon khi truong laser co cudng do cao do electron quay vé tai va cham ion me
v6i ning lugng Ion hon. Bén canh d6, mot dic diém tha vi ¢d thé quan sat duoc trong Hinh
1 12 ciu triic dau gdi khong ton tai cho truong hop cua nguyén tir Ar. Két qua nay khéc voi
cac cong trinh trudc day cho nguyén tir Ne (Yuan et al., 2015) va He (Huynh et al., 2016).

1 T ] ] I I I I

N [{E E\H 0
+ 0 6 IE\

G 0. \ 7
E, E/EL E\S‘\g E{E’/ +E\3 | /E/El.

0.2 I = 2.5 % 1014Wicm = —

T = 1.5 x 101%wem2 e 2 ahibbes
0 | | | | | | | | | |

0 0.1 02 03 04 05 06 07 08 09 1.0
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Hinh 1. T7 Ié céac tin hiéu NSDI
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Trong phan tiép theo, chiing t6i tap trung phan tich cic qua trinh dong luc hoc cua
hai electron ion hoéa cho truong hop laser cudng do cao | =2.5x10™ W/cm? . Hinh 2 thé
hién CTEMD doc theo truc phan cuc caa xung laser 800 nm véi cac pha tuong ddi khac
nhau. D4i véi cac truong hop Ap =0 (Hinh 2a), Ap =0.1r (Hinh 2b), vd Ap =7 (Hinh
2f), phd dong luong theo phuong Ox cho thay céc tin hiéu NSDI tap trung chi yéu & goc
phan tu thir nhat va th ba. Ngoai ra, CTEMD khéng tap trung trén dwong chéo chinh.
Diéu nay cho thay ring hai electron sau khi bi ion hoa kép bay ra khoi ion me theo cling
mot hudng va cd su chénh léch dong luong vé @6 Ion. Déi voi truong hop Ap =0.557
(Hinh 2d), tin hiéu CTEMD tap trung doc theo hai truc p,,, p,, va xuat hién hai viing cuc
dai & phan &m cua hai truc dong luong. Trong hai truong hop twong tng voi ti 1& Ar?* dat
cuc tiéu (Hinh 2¢ va 2¢), CTEMD theo phuong Ox phan b chu yéu & goc phan tu thir nhat
va thtr ba gan dudng chéo chinh hon truong hop A@ =0 va 7. Diéu nay c6 nghia su
chénh léch vé do 16n gitta dong lugng hai electron ion hoa it hon. Ngoai ra, CTEMD trong
truong hop A@ =0.857 tap trung chii yéu & goc phan tu tha ba trong khi CTEMD tai
A =0.37 tap trung déu ¢ ca goc phan tu thir nhat va thir ba.

3 1.00
I
0 — 075
oL
~
<
3
= 3 — 0.50
o™
2
L5
o M e ¢ N BT T 7. 0.25
-1.5
3 0.00

3 -1 0 15 33 -15 0 15 3-3 -15 0 15 3

pix(a.u.)
Hinh 2. Phé déng heong twong quan hai electron doc theo truc phan cuc cia xung laser

800 nm khi pha twong doi A c6 gia tri lan lwet 140, 0.1z, 0.3z, 0.557, 0.857, .
Cuwong dé hai laser | = 2.5x10™ W/cm?

Tiép theo, ching t6i thé hién CTEMD doc theo phuong Oy 13 phwong phan cuc cua
xung laser 400 nm trong Hinh 3. Khi Ap =0, phan Ién CTEMD tap trung & goc phan tu
thir nhat thé hién rd hai electron ion hoa bay ra khoi ion me ciing chiéu duong cua truc Oy.
Khi ting gia tri pha trong dbi cua laser OTC, phd dong luong twong quan hai electron c6
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su ma rong vé phia am cua hai truc dong luong (Hinh 3b-3d), va tap trung chi yéu tai goc
phan tu thir ba khi Ag c6 gia tri 0.857 va z (Hinh 3e, 3f). Két qua trén cho thay laser
OTC la mot cdng cu hitu ich dé diéu khién qua trinh NSDI caia nguyén tir Ar, twong tu nhu
cac nghién ctru trude d6 ddi vai nguyén tir He (Zhou et al., 2011; Huynh et al., 2016), Ne
(Yuan et al., 2015) va Xe (Chen et al., 2013).

1.00
0.75
0.50
0.25
: - i 0.00
2 10 1 2 2101 2 210 1 2
p1y (au.)

Hinh 3. Phé dong lwong tiwong quan hai electron doc theo truc phan ciec cia xung laser
400 nm khi pha tuwong doi A c6 gia tri lan heot 120, 0.1z, 0.3z, 0.557, 0.857, 7.
Cuong d¢ hai laser 1 = 2.5x10" W/cm?

Luu y rang trong tinh toan cua ching t6i, CTEMD theo phuong Oz ¢ng vdi céc
truong hop khéc nhau cua pha twong dbi déu tap trung xung quanh géc toa do. Két qua nay
chung to hai electron chu yéu chuyén déng trong mit phang phan cuc caa laser OTC. Do
d6, xac suit electron thir nhat quay vé va cham khong dan hoi véi ion me sau khi bj ion
hoé boi truong laser cao hon, va rd rang khong cé truong hop Ag nao cho ti 16 NSDI bang
0 nhu két qua trong cong trinh (Huynh et al., 2016) cho nguyén tir He.
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(b) Ap = 017 ‘ © Ap = 0.37
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Hinh 4. Thoi diém tai va cham cua electron tai va cham khi thay doi pha tiwong déi cua
xung laser hai mau tryc giao. Puong mau xanh dwong nét lién biéu dién dién truong E,

va duong nét dit mau xanh 14 cay biéu dién dién rrwong laser E, . Cuong do hai laser

| =2.5x10" W/cm?
Dé giai thich sy khac nhau vé hinh dang cia CTEMD khi thay d6i pha twong d6i cua
laser OTC, ching tdi phan tich sy phu thudc cua thoi diém tai va cham vao pha twong doi
khi xét trong mot chu ki laser. O day, T,, 1a chu ki quang hoc ctia xung laser 800 nm. Van

téc vao cudi xung laser v, cua electron ion hoa tai thoi diém t, dugc xac dinh theo

cong thtrc

v, :vo—%sin(a)ti), 2)

- by 4 A - . 4 . , 4 E . N
vai V, la van toc ban dau cua electron tai thoi diém ion hoa t;. SO hang [——Osm(a)ti )} la
10}

thanh phan van téc cua electron do dién truong laser gay ra (Zhou et al., 2011). Trong cong
trinh (Zhou et al., 2011), nhdm tac gia da két luan ring dong lwong cudi cing cua cac
electron 1 do sy canh tranh giita hai thanh phan trong phuong trinh (2): thanh phan v,

huéng céc electron ion héa theo huéng nguoc nhau (phd dong lwong tap trung trong phan
tu thir hai va tha tu) va thanh phan tht hai huéng céc electron ion hoa theo cung hudng
(phd dong luong tap trung trong phan tu thir nhat va thir ba). Tinh todn cua ching tdi cho
thiy thoi diém tai va cham cua electron thtr nhat (Hinh 4a, 4b va 4f) tap trung chu yéu tai
cuc tiéu cua laser 800 nm. Khi ndy, s6 hang thtr hai trong phuong trinh (2) chiém wu thé
nén CTEMD duoc phan bé thanh hai chém cau & phan tu thi nhat va tha ba (Hinh 2a, 2b,
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2f) (Zhou et al., 2011). Bong thoi, thoi diém tai va cham cua hai electron khdng cé chu ki
0.5T,, dan dén sy bt ddi xing gitra phan tu thir nhét va thi ba trong CTEMD. Luu ¥ rang,
trong truong hop Ag =0.1z (Hinh 4b), sy phan b thoi diém tai va cham c6 hai dinh cach
nhau 0.5T,,, do d6 su bat ddi xing trong CTEMD it 1 rang hon (Hinh 2b). Khi pha twong
ddi gitra hai xung bang 0.557, phd thoi diém tai va cham chi xuat hién mot dinh duy nhat
gan cuc dai caa laser 800 nm. Vi vy dong luong cudi caa cac electron duge xac dinh chu
yéu bai thanh phan v, . Trong trudng hop nay, néu hai electron ion héa véi van tc ban dau
khac nhau thi p,, va p,, s& chénh léch nhau nhiéu, do d6, pho CTEMD xuat hi¢n hai
phan am cua hai tryc dong luwong (Hinh 2d). Trong truong hop A@=0.37 va
A@ =0.857, thoi gian tai va cham kéo dai (Hinh 4c va 4e), do d6 sy dong gop cua ca hai
thanh phan van téc trong cong thirc (2) vao dong luong cubi hai electron 1a dang ké.

CTEMD doc theo truc phan cuc cia truong 400 nm ciling dugc giai thich tuong tu
nhu truc phan cuc cua trudng 800 nm. Két qua ¢ Hinh 4 cho thay riang céc su kién NSDI
c6 thoi gian tai va cham kéo dai tir thoi diém truong laser 400 nm dat cuc dai dén khi triét
tiéu (Hinh 4a-4f). Do d6, van téc cudi cua hai electron cé su canh tranh giira thanh phan v,
va thanh phan thi hai trong phwong trinh (2). Két qua 1a phd dong lugng theo truc Oy phan
bé trong ca bén g6c phan tu (Hinh 3a-3f). Ciing luu ¥ rang, theo truc Oy, thoi gian tai va
cham cua hai electron khéng c6 chu ki 0.5T,, voi Ty, la chu ki quang hoc ctua xung laser
400 nm, nén ton tai sy bat ddi xtng trong CTEMD.

Cac phan tich trén chiing t6 rang su phan bb dong luong twong quan hai electron phu
thugc vao viéc kiém soét thoi gian tai va cham va xung laser hai mau truc giao 13 mot cong
cu hiru ich dé thuc hién cong viéc nay. Bé nghién cau chi tiét vé& cac co ché chi phdi qua
trinh NSDI duéi tac dung cua truong laser hai mau truc giao, ching téi tiép tuc sir dung
phép phan tich quy dao. Tai thoi diém tai va cham vai ion me, electron thir nhat di chuyén
mét phan ning lwong cho electron lién két dan dén sy thay doi ning lugng dot ngot cua hai
electron. Dya vao két qua phan tich nang luong cia hai electron trong qua trinh twong tac
véi laser hai mau truc giao, qué trinh ion hoa cha yéu xay ra theo hai co ché co ban: co ché
ion hoa truc tiép (Chen et al., 2020) va co ché ion héa hodn (Bergues et al., 2012). Van téc
cua hai electron ngay sau thoi diém tai va cham theo phuong Ox duoc ching tdi mo ta ¢
Hinh 5. Két qua cho thay su phan bé van téc cua electron tai va cham Ia nguyén nhan dan
dén su thay d6i trong phdé CTEMD nhu két qua Hinh 2. Déi véi electron tai va cham (hang
thir nhat), phd van téc khi Ap =0 vad A =7 phan b thanh hai dinh cach nhau 2 a.u., tuy
nhién & day co sy chénh léch ti 18 Ar®* ¢ hai dinh nén din dén su phan bd bat déi xing
trong CTEMD (Hinh 2a va 2f). Khi pha twong d6i caa OTC bang A@=0.37 va
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A@ =0.857 , khoang cach cua hai dinh duoc thu lai gan nhau, vi vay dong luong caa hai
electron c6 sy chénh léch it hon nhu di phan tich & phan trén (Hinh 2c va 2e). Khi
Ag@ =0.557, van toc caa electron tai va cham ty lai, tao thanh mot dinh nén CTEMD xuét
hién hai cuc dai doc theo hai truc toa d6 véi do chénh Iéch dong lugng 16n (Hinh 2d). Doi
véi electron lién két (hang tha hai), sau khi xay ra su kién tai va cham, van téc cia phan
I6n electron c6 gia tri nho chi yéu tap trung tai 0. Biéu ndy chang to electron lién két van

con nam trong nguyén tir ngay sau khi tai va cham.
Ap=0 Ap =017 Ap =037 Mg = 0557 Ay = 0.85% Ap=m
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Hinh 5. Vdn tdc theo phirong Ox cua electron tai va cham (hang thi nhat)
va electron lién két (hang thi hai) ngay sau thoi diém tai va cham. Cuong dé hai laser
| =2.5x10" W/cm?

Trong mé hinh ¢é dién, ning lwong quay vé cua electron tai va cham c6 gié trj cuc
dai 12 3.17Uy, véi Up 1a thé trong dong trong trudng laser don sic. Theo md hinh simple-
man (Corkum, 1993), ning luong quay vé dat gié tri cuc dai khi thoi diém tai va cham dién
ra & vi tri dién trudng c6 gia tri bang 0; trong khi cac su kién tai va cham xay ra gan dinh
cua xung laser thi c4c electron s& c6 ning luong quay vé nho hon (Corkum, 1993; Zhou et
al., 2010). Chang t6i phan tich ning lwong quay vé cua electron tai va cham tuong Gng véi
cac pha tuong d6i khac nhau va biéu dién trong Hinh 6. Pudng nét dt mau xanh I4 cay thé
hién thé ion hoa cua electron thir hai vai gia tri 1, = 27.63 eV . Hinh 4a, 4b va 4f cho thay
da s6 su kién tai va cham cua electron thir nhat véi ion me xay ra quanh vi tri dién truong
laser 800 nm ¢ gi4 tri bang khéng, vi vay phan Ién ning lwong quay vé cua electron cé gia
tri 16n vao ¢ 25 eV (Hinh 6a, 6b va 6f). Tuy nhién, ning lugng nay van nho hon thé ion
héa I,, do do su tai va cham chi lam electron lién két nhay Ién trang théi kich thich. Khi
A@ =0.557 , phan I6n ning lugng quay vé cua electron thir nhat cé gia tri nho hon 10 eV.
Nguyén nhan 1a do su phan b thoi diém tai va cham tap trung thanh mot dinh duy nhat tai
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cuc dai cua dién truong laser 800 nm (Hinh 4d). Do d6, & cac trudng hop ndy, co ché ion
hoa hodn chi phdi qua trinh NSDI.

Tai hai pha tuong d6i Ap=0.37 va Ap=0.857 ung voi cuc tiéu caa tin hiéu
NSDI ning luong quay vé cuaa electron thir nhat kéo dai trén mot khoang rong trong d6 co
mét phan I6n hon thé ion hda cua electron thir hai (Hinh 6¢ va 6e). C6 thé thiy ring, c4c su
kién tai va cham trong truong hop A =0.37 Xay ra & gan cuc tiéu cua dién truong laser
800nm lam xuat hién mot s electron c6 niang lugng quay vé 16n hon thé ion hoa I, .
Theo mé hinh simple-man (Corkum, 1993), khi electron c6 niang lugng quay vé Ion thi thoi
gian tuong tac v&i ion me rat ngin (Zhou et al., 2010) va electron tai va cham chi truyén
mét phan ning luong cho electron lién két. Phan ning luong trao d6i nay khong du dé but
electron thi hai ra khoi ion me ngay 1ap tirc nén co ché ion hda hodn van chiém wu thé.
Trong truong hop Ag =0.857, do electron thir nhat tai va cham véi ion me quanh thoi
diém dién truong laser bang 0 nén ning luong quay vé cua electron thir nhat Ién c6 dinh
gan véi gid tri 1,,. Ngoai ra, trong truong hop ndy, mot sé su kién tai va cham xay ra gan
cuc dai cua truong laser E,, do do trong pho mo ta ning luong quay vé cia electron thir
nhat xuét hién dinh ning luong nho hon 10 eV. Céac két qua phan tich trén mot lan nia
gip chang t6i khing dinh sy chi phéi cia co ché ion hoa hodn ddi véi qué trinh NSDI tai
cudng do 1 = 2.5x10" W/cm?.

@Ap—0 ' ®) Ap — 017 ' © Ap = 0.37

05 r

0 100 20 30 4 50 0 10 2 30 4 50 0 10 20 30 40 50
Nang luong quay vé (eV)

Hinh 6. Nang lwong quay vé cua electron tai va cham khi thay doi pha tirong doi
cua xung laser hai mau truc giao. Cwong do hai laser | =2.5x10* W/cm?
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4. Kétluan

Nghién ciru nay chidng tdi sir dung mé hinh tap hop ¢ dién ba chiéu dé khao sat qua
trinh ion hoa kép khéng lién tiép cua nguyén tir Ar dudi tac dung cua xung laser hai mau
tryc giao. Két qua cho thay, su phu thudc cua tin hiéu Ar®* theo pha tuong dbi khong ton
tai cAu trlic dau gdi nhu nguyén tir He va Ne. Bén canh do, sé su kién NSDI ciing khong
phu thudc vao cuong do laser. Ngoai ra, phd dong lugng tuong quan hai electron theo
phuong phan cuc phy thugc manh mé vao pha twong ddi cua dién truong laser. Phan 16n
céc electron quay Vé tai va cham vai ion me tai 1an can thoi diém bang laser c6 do 16n bang
0 nén ning luong quay vé cua electron tai va cham cd gia tri 16n. Diéu ndy din dén sy
chiém wu thé caa co ché ion hod hodn trong qua trinh NSDI va hoan toan pha hop Vi
nhitng du doan cua mé hinh simple-man (Corkum, 1993). Cac két qua thu duogc ciing
chang t6 rang xung laser hai mau tryc giao 1a mot cdng cu tiém ning dé kiém soat dong
luc hoc céc electron trong qua trinh twong tac cua laser va vat chat.

< Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cdm on: Bai béo nay duoc hé tro béi Pé tai cap co sé cua Truong Bai hoc Sw pham
Thanh phé Hé Chi Minh, ma sé CS.2020.19.50.
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ABSTRACT

In this study, the three-dimensional classical ensemble model is used to simulate the
correlation of two ionized electrons of Ar atom induced by high intensity orthogonal two-color
laser fields. The results show that the NSDI events strongly vary with the relative phase and do not
depend on the laser intensity. However, the knee structure in the relative phase distribution of Ar?*
signal cannot be observed. Using the trajectory analysis technique, it was found that the recollision
time of the first ionized electron and the velocity of the two electrons immediately after the
recollision moment strongly depends on the relative phase of the two-color laser pulse, which led
to the change in the shape of the correlated two-electron momentum distribution.

Keywords: ionization mechanism; nonsequential double ionization process; orthogonal two-
color laser field; three-dimensional classical ensemble model
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