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TOM TAT

Trong bai b4o nay, ching t6i siz dung md hinh tdp hop cé dién ba chiéu d@é nghién ciru vai
trd Ciia cdc co ché ion hda trong su tai va chgm nhiéu lan cia qué trinh ion hoa kép khong lién tiép
trong trwong manh cua nguyén tir argon. Trong nghién ciru nay, dg dai xung laser dwoc thay doi
twong ting véi N = 4, 6, 8 chu Ki quang hoc khi laser c¢é budc séng va cueong dé khong doi. Céc két
qud cho thay rang trong trirong hop laser ¢é do dai xung gan mét chu ki, su tai va cham nhiéu lan
gdn nhw bi 10gi bé hoan toan. Ngodi ra chiing t6i ciing nhan thdy khi tiang do dai xung laser thi co
ché ion héa hodn va co ché ion hoa truc tiép, lan lwot tirong 1ing véi s kién ion hoa kép chi c6 tai
va chgm mét lan va ¢ xdy ra tai va cham hai ldan, déu ting lén. Nhitng khdo sdt nay giip cho cdc
nha thuc nghiém logi bo cdc tin hiéu nhiéu do qua trinh tai va cham nhiéu lan gay ra.

Tir khoa: qué trinh ion héa kép khong lién tiép; tai va cham nhiéu 1an; mé hinh tap hop ¢
dién ba chiéu; co ché ion hoa

1.  Giaithigu

Khi nguyén tir, phan tir twong tac véi trudng laser cudng do cao, xung cuc ngan thi
mot loat cac hiéu tng quang phi tuyén xay ra nhu sy phét xa song diéu hoa bac cao (High-
order Harmonic Generation - HHG) (Itatani et al., 2004; Le et al., 2007), sy ion hoa vuot
ngudng (Above-Threshold lonization - ATI) (Gontier et al., 1980) va qua trinh ion hoa kép
khong lién tiép (NonSequential Double lonization - NSDI) (Haan et al., 2008b; Truong et
al., 2019; Zhou et al., 2010). Trong nhimng nam gan day, qua trinh NSDI thu hdt rat nhiéu
s quan tdm cua cac nha khoa hoc bai nhitng tin hiéu ghi nhan duoc tir phd dong lugng
tuong quan cua hai electron cung cip rat nhiéu thong tin vé su tuong quan giira ching
trong 16p vo nguyén tir. Qua trinh NSDI duoc giai thich tét bai mé hinh tai va cham ban ¢
dién (Quasiclassical Rescattering Model) hay con goi 1a mé hinh ba buéc duge dé cap vao
nam 1993 boi Corkum P. B. (Corkum, 1993). Trong mé hinh nay, electron dau tién bi ion
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hoa xuyén ngam ra khoi nguyén tir va duoc gia tbe dudi tac dung caa trudng laser. Sau do
nd chuyén dong cham dan va quay nguoc tro lai khi laser doi chiéu. Trong qué trinh quay
lai, electron nay c6 kha nang tai va cham vai ion me va lam cho electron thir hai bi ion hoa.

Theo md hinh nay thi electron c6 thé quay lai va tai va cham nhiéu lan véi ion me
trong truong hop st dung xung laser nhiéu chu ki. Biéu nay dan dén tin hiéu thu duoc tir
phd dong luong bi nhidu loan va 1am anh huéng dén thong tin can thiét vé su twong tac
gitra hai electron trong l6p vo nguyén tir. Do su tap trung cta bo séng electron, su tai va
cham cha yéu xay ra trong lan quay vé dau tién. Tuy nhién, céc két qua thuc nghiém cho
thiy rang su tai va cham nhiéu lan ciing c6 kha ning dong gép vao phd dong luong (Liu et
al., 2008; Wu et al., 2012). Bén canh dé, gan day viéc khao sat qué trinh NSDI bang xung
laser budc séng gan ving hong ngoai da quan sat dugc mot s6 cau trac dinh trong phd
dong luong electron, mac du rat mo nhat (Wolter et al., 2015). Biéu tha vi 1a cau tric nay
rat gidng voi cau tric ning luong thip duoc tao ra boi su tai va cham nhiéu lan trong su
ion hoa vuot ngudng (Wu et al., 2012). Py 1a cac bang chang cho thiy sy tn tai cua su
tai va cham nhiéu lan trong qué trinh NSDI.

Do d6, viéc khao séat sy tai va cham nhiéu lan nham ting do chinh xac trong phd
dong luong hai electron 12 viéc can thiét. Hién nay, xung laser c6 do dai ¢ gan mot chu ki
dang duoc quan tdm va phat trién dé giai quyét bai toan nay (Bergues et al., 2012). Viéc sir
dung laser c6 do dai xung gan mot chu ki c¢6 ¥ nghia bai co thé tap trung khao sat qué trinh
tai va cham sau khi laser d6i chiéu mét 1an duy nhat, khéng bi nhiéu loan boi nhiing va
cham thir cAp nhu xay ra doi véi laser nhiéu chu ki (Ma et al., 2016; Tran et al., 2017).
Nam 2016, Chen cung cong su bang Ii thuyét da nghién ciru thanh cong su phu thudc cua
qua trinh NSDI vao d6 dai xung va cuong do laser (Chen et al., 2016). Tuy nhién, viéc
danh gia vai tro cta su tai va cham nhiéu lan khong duoc dé cap trong cong trinh nay.

Trong bai b&o nay, véi mé hinh tap hop cb dién ba chiéu, ching toi tién hanh khao
sat cac qua trinh dong luc hoc cua su tai va cham nhiéu lan trong hién twong NSDI cua
nguyén tir argon khi thay d6i do dai xung laser. Bang phép phan tich quy dao, ching toi
danh gia sy dong gop cua su tai va cham nhiéu lan trong phd dong lugng twong quan hai
electron. Pong thoi khao sét vai tro cia cac co ché ion hoa trong timg truong hop cu thé.

2. Md hinh tap hep cé dién ba chiéu

Trong bai bdo nay, md hinh cb dién duoc sir dung dé md ta qua trinh NSDI cua
argon. Ké tir khi duoc dé xuat vao nam 2001 (Panfili et al., 2001), mé hinh nay di duoc st
dung rong rdi dé khao sat thanh céng qué trinh NSDI ¢ cuong d6 laser cao (Haan et al.,
2008a, 2008b; Zhou et al., 2010) va cudng do thap (Truong et al., 2019; Zhou et al., 2009).
Trong md hinh nay, cac electron & 16p ngoai ciing von lién két khong chat ché véi hat nhan
duoc ion héa bang cach xuyén qua rao thé hiéu dung duoc tao ra bai s chong chat caa thé
Coulomb hat nhéan va dién truong laser. Chuyén dong cua hai electron ion hoa dugc md ta
bai phuong trinh Newton:
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dcr, -2 1 _

L=-V + —E(t), @
dt? (\/r‘i2+a2 \/rl§+b2] Y
trong d6, i=1,2 1a chi sé cua electron thi nhit va thi hai. Dé tranh sy tu dong hoa, céc
tham s6 1am mém a va b lan luot duoc thiét Iap 1a 1,5 va 0,05 (Ma et al., 2016). E(t) la

dién truong c6 vector phan cuc doc theo hudng truc x va cd duong bao dang hinh sin

E(t) = E,sin®(zt/7)sin(at + )i, )
voi 7 = NT, la do dai xung laser, ¢ la pha song mang (Carrier-Envelope-Phase - CEP) va
T, =2/ @ la chu ki laser. Trong bai b4o nay, ching t6i tién hanh khao séat qua trinh NSDI
khi thay doi s6 chu ki laser. Pbi voi mdi nguyén tir, CEP duoc chon ngau nhién trong
pham vi tir 0 dén 27 . Budc song cua truong laser dugc xem xét 1a 750nm va cuong do
dinh dwoc chon la | =3,0x10" W/cm?,

M6 hinh ¢é dién nay dua trén phuong phap Monte Carlo. Chung t6i da st dung tap
hop 16n s6 nguyén tir & md phong su tuong tac giita nguyén tir va trudng laser. Dé giai
phuong trinh (1), ching ta can cac diéu kién ban dau cho phuong trinh vi phan nhu vi tri
va dong lugng ban dau cuaa hai electron. Nhimg diéu kién ban dau trén twong (ng véi trang
thai co ban cua nguyén tir. Béi voi argon, chung t6i dit ning lwong cua nguyén tir 12 tong
cua thé ion héa thir nhat va thir hai cua argon bang -1,59 a.u. Dé c6 duge diéu kién ban
dau, cac electron dugc phép di chuyén trong khoang thoi gian du dai (200 a.u.) khi khéng
6 truong laser dé co duoc vi tri va phan bé dong lwong 6n dinh xung quanh 18i hat nhan
(Huynh, 2016; Truong et al., 2019; Zhou et al., 2010). Khi diéu kién ban dau duoc xé&c
dinh, chung t6i giai phuong trinh (1) cho ting nguyén tir mot cach doc lap dudi su anh
huong caa trudng laser. Sau khi tit laser, chiing t6i phén tich ning luong cua hai electron
trong mdi nguyén tir (bao gom dong ning, thé hit electron-ion va mot nua thé day
electron-electron). Néu ning luong cua ca hai electron & cubi qua trinh tuwong tac déu
duong thi nguyén tir dang xem xét dugc xem nhu da xuét hién su kién ion hoa kép. Su kién
ion hda kép khong lién tiép duoc xem nhu xay ra khi ton tai qué trinh tai va cham cua
electron ion hoa lan dau va ion me. Thoi diém tai va cham duoc xem xét ngay khi khoang
cach gitra electron nay va ion me nho hon 3 a.u (Ma et al., 2018).

3. Kétqua

Dya vao md hinh tap hop cb dién ba chiéu, ching t6i tién hanh khao sat qué trinh
NSDI cua nguyén tir argon bang xung laser c6 cac tham sb da duoc dé cap trong phan 2.
Hinh 1 biéu dién phd dong luong twong quan hai electron (Correlated Two-Electron
Momentum Distribution - CTEMD) doc theo truc phan cuc cua laser c6 d6 dai xung khac
nhau twong (ng véi s6 chu ki lan lugt 14 N =4 (Hinh 1a, 1d, 1g), N =6 (Hinh 1b, 1e, 1h),
va N =8 (Hinh lc, If, 1i). Trong d6, hang tht nhét, thir hai va tha ba lan luot thé hién
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CTEMD cho tit ca cac trudng hop ion hoa kép (Double lonization — DI), cac trudng hop
DI chi c6 tai va cham mét lan, va cac truong hop DI ¢6 ton tai tai va cham hai lan. O day,
CTEMD cho tét ca cac truong hop thu dugc bang cach ay trung binh tat ca su kién tuong
g Vai céc gié tri pha ham bao cua laser (CEP) c6 gié tri bat ki trong khoang tir 0 d¢én 2z .
Két qua trong Hinh 1a — 1c cho thdy hau hét su kién NSDI trong cac trudng hop dang xét
déu tap trung ¢ hai goc phan tu thir nhat va thir ba, dong thoi khéng tap trung trén duong
chéo chinh. Pay 1a bang chung cho thiy hai electron ion hoa c6 xu huéng bay ra khoi ion
me theo ciing mot phuong véi dong luong khéng bang nhau. Ngoai ra, hinh dang cua
CTEMD ciing c6 sy thay d6i manh mé khi d6 dai xung laser duoc thay doi. Céc két qua
mo phong cua ching tdi hoan toan phu hop vai cac nghién ciru trude day (Bergues et al.,
2012; Chen et al., 2016). Chang t6i quy udc rang electron tai va cham 14 electron ion hoa

lan dau va electron lién két Ia electron thir hai dwoc ion hda nhd vao qué trinh tai va cham.
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Hinh 1. Sy phan bo dong lwong tirong quan hai electron doc theo truc phan cuc cia
laser ¢6 do dai xung twong 1ng Véi sé chu ki khac nhau: N =4 (Hinh 1a, 1d, 1g), N =6
(Hinh 1b, 1e, 1h) va N =8 (Hinh 1c, 1f, 1i). Trong dé, hang thir nhat, thiz hai va thiz ba lan
lweot twong 1ng Vi sw phan bo déng lwong cho tat cd cde treong hop DI, nhitng trirong hop
DI chi ¢6 t&i va cham mét lan, va nhitng trieong hop DI €6 ton tai su tai va cham hai lan.

Nhiam khao sé&t sy anh huéng cua cac co ché vat Ii dwa vao dong luc hoc cua hai
electron 1&n su phu thudc cia CTEMD, ching t6i st dung ki thuat phan tich quy dao dé
theo di toan bo qua trinh chuyén dong cua céc electron dudi sy anh hudng cua trudng
laser. Két qua cho thdy cé nhiéu su kién DI dugc xay ra khi ¢ su tai va cham nhiéu lan,
tc 12 electron ion héa lan dau quay tré lai va va cham véi ion me nhiéu lan, tir d6 truyén
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du niang luong cho electron tha hai trong quéa trinh tai va cham dé gitp cho electron nay
thoat ra khoi trang thai lién két voi ion me. Luu ¥ rang qué trinh tai va cham duogc xac dinh
tn tai chi khi khoang cach giita electron ion hoa lan dau va ion me nho hon 3 a.u. Céc tinh
toan cua ching toi cho thay chi cé truong hop tai va cham mat 1an va hai lan méi dong gop
vao céc su kién NSDI. Khi tang sé chu ki laser, su kién DI twong tng véi tai va cham hai
lan tang dan tir 3,82%, 10,92% va 16,51% tng voi N =4, N=6 va N =8. Két qua nay
cho thay dé han ché hiéu tng tai va cham tha cip, sé chu ki cua laser can duoc giam dén
muc hop Ii. V& mat thuc nghiém, nhém nghién ctu cia B. Bergues va cong su da ché tao
dugc laser co d6 dai xung gan mot chu ki twong tng véi N =4 trong md phong cia ching
t6i. Viéc giam thiéu tai va cham thi cap y nghia quan trong trong viéc loai bo nhidu loan
cta chung 1én CTEMD, dong thoi gip cho viéc khao sét su twong tac giira hai electron
trong 16p vo nguyén tir dugce rd rang hon.

Hinh 2a va 2b lan luot mé ta ning lwong cua hai electron trong suét qué trinh chuyén
dong dudi tac dung caa truong laser ¢6 s6 chu ki N =4 tuong ng Véi trudng hop tai va
cham mat lan (Hinh 2a) va tai va cham hai lan (Hinh 2b). Luu ¥, thoi diém tai va cham
duoc xac dinh ngay khi khoang cach electron tai va cham va ion me nho hon 3a.u. Hinh 2
thé hién rat rd su thay ddi nang lugng dot ngot caa ca hai electron khi ngay su tai va cham
dién ra boi qua trinh trao d6i ning luong cua electron tai va cham cho electron lién két.
Trong truong hop tai va cham maot lan trong Hinh 2a, lwong ning lugng duoc electron tai
va cham chuyén cho electron lién két 1a du dé 1am electron lién két nhay Ién trang thai kich
thich cao, nim ¢ d6 mot thoi gian kha dai trudc khi tach ra khoi ion me. Trong truong hop
xay ra hiéu Gng tai va cham tht cip, ning luong chuyén tir electron tai va cham sang
electron lién két trong lan tai va cham dau tién chi du dé dua electron lién két 18n trang thai
kich thich thap. Bén lan tai va cham tht hai thi electron lién két méi du ning luong dé bi
ion hoa nhu trong Hinh 2b.

4 T T T T T T T T
—_ a Electron tai va char:n b
= ( ) Electron lién két ='=1=1=i=:= ( )
=
S 2 - - - -
50 0 G
1% Nt "‘I' LAY N
Z ~

1 1

Do dai xung (Ty)

Hinh 2. Nang lwong cua hai electron trong sudt qud trinh tuwong tdc véi trong laser cho
trweong hop N =4 frong 1ing véi trwong hop tai va cham mét lan (Hinh 2a) va tai va cham
hai lan (Hinh 2b). Trong dé, tsi 1a thoi diém ion héa ldan dau cua electron tai va cham, tr 1a
thoi diém tai va cham iing vdi trieong hop tai va cham mét lan, tr va tre 12 thoi diém tai va
cham lan mét va lan hai iing véi trurong hop tai va cham nhiéu lan.
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Dua vao nang lugng cua cac electron sau qua trinh tai va cham, qué trinh NSDI cé
thé phan loai thanh hai co ché co ban. Co ché thir nhat 1a su ion héa truc tiép, trong doé
electron tai va cham quay tro lai va cham va truc tiép gy ra su ion hoa cho electron thi
hai. Co ché nay chiém wu thé ddi véi xung laser cudng do cao khi nang lwong quay vé cua
electron tai va cham du 16n. Co ché thir hai 1a su ion hoa hodn, trong d6 electron tai va
cham kich thich ion me va su ion hda kép xay ra sau mot khoang thoi gian (Bergues et al.,
2012; Eckhardt et al., 2010). Khi nay, nguyén tir c6 kha nang hinh thanh nén trang thai
kich thich kép, nghia 1a electron tai va cham va electron lién két cing nam trén mot trang
thai kich thich sau khi chia sé nang lugng thdng qua qué trinh tai va cham (Bergues et al.,
2012; Tran et al., 2017; Truong et al., 2019).
4Tp

67T 810

T T T

I _ﬂ)T T T T T T (b)‘ T T T

T'4i va cham mt lin

Lén thir nhit ————

Lin thir hai ------=---

o 1 2 3 4 50 1 2 3 4 5

1y - 151 (Ty)

Hinh 3. Khoang thoi gian bay giia thoi diém téi va chem véi thoi diém ion héa lan dau

cua electron the nhat véi N =4,6,8 cho truong hop tai va chagm mét lan (a, b, c) va tai va
chgm hai lan (d, e, f) ,

B¢ hiéu rd hon vé qua trinh tai va cham trong NSDI, chung tdi tién hanh phén tich
khoang thoi gian bay cua electron tai va cham tir thoi diém ion hda lan dau dén thoi diém
tai va cham trong Hinh 3. Trong truong hop tai va cham mét lan, khi ting s6 chu ki laser,
sw phan bd khoang thoi gian van tap trung chu yéu & 0,5T, tuong (ng Véi su tai va cham
xay ra & lan quay vé thtr nhat. Biéu nay hoan toan phu hop bai ntra chu ki 1a khoang thoi
gian dién truong cua laser ddi chidu. Két qua nay thé hién su khac biét so vai két qua trong
cong trinh (Tran et al., 2017) khi xung laser dugc sir dung c6 ham bao la dang hinh thang
c6 d6 dai xung tuong ng véi mudi chu ki quang hoc. Tir d6 chiing ta c6 thé thiy rd vai trd
cua dang xung laser trong viéc chi phdi cac qua trinh dong luc hoc cua hai electron trong
hién tuong NSDI. Trong truong hop tai va cham hai lan, khi ting sé chu ki laser, sy phan
bd khoang thoi gian bay gitra thoi diém tai va cham Ian thir nhat (duong nét lién mau do)
va tai va cham lan thir hai (duong nét dit mau xanh) so véi thoi diém ion héa dau tién cua
electron thir nhat hoan toan khac nhau. Su phan bd khoang thoi gian d6i véi lan tai va
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cham thtr nhat tap trung xung quanh gia tri 0,5T,, twong @ng Vai su tai va cham dién ra tai
lan quay V& dau tién cua electron tai va cham ngay sau khi né bi but khoi ion me. Cac dinh
phén b khoang thoi gian cua lan tai va cham tha hai dich chuyén khoang tir 0,5T, dén To
$0 V&i cac dinh phan bd khoang thoi gian cua lan tai va cham thi nhat khi ting dan d6 dai
cua xung laser. Nhu vay, tng véi N = 4 (Hinh 3d), sy tai va cham lan tha hai dién ra ngay
sau khi dién truong laser d6i chiéu lan tiép theo ké tir 1an tai va cham dau tién. Nhung tng
véi N = 8 (Hinh 3f) thi khoang cé&ch gitra hai dinh tai va cham tang Ién To. Khi nay, qua
trinh tai va cham lan thir hai dién ra khi dién truong laser di chiéu hai lan ké tir 1an tai va
cham dau tién, electron quay tré lai tai va cham lan hai véi ion me theo cling mét hudéng so
vé6i lan dau tién. Ngoai ra, theo phan tich cua ching tdi, nhitng sy kién tai va cham thu cap
cao hon twong tng véi nhitng 1an d6i chiéu sau cua dién trudng laser c6 xac suat dién ra vo
cling thip va khong dong gép vao phd CTEMD.
4Ty 670
e 5 .

' N
:T:'li va cham mét lan

8To

(C) T T

(a) '

00 ]lﬂ Qb l3I0 40 50 60 700 IIO 2I0 A3IU 4.0 50 60 706 IIU 2I0 ‘3I0 4h 50 60 70
Niing lwgng quay vé (eV)

Hinh 4. Phé nang heong quay vé cua electron tai va cham ngay trieéc thoi diém tai
va cham doi Véi laser ¢é dé dai xung khdc nhau twong ing véi sé chu ki: N =4 (Hinh 4a,
4d, 4g), N =6 (Hinh 4b, 4e, 4h) v N =8 (Hinh 4c, 4f, 4i). Trong d6, hang thir nhdt, thir
hai va thir ba lan leot tirong g véi nang lirong quay Vé trong trieong hop DI chi ¢6 tai va
cham mét lan, ndang lwong quay vé lan mét va ndng lwong quay vé ldn hai trong truong
hop DI ¢6 tai va cham nhiéu lan.

Cubi cung, dé khao sat vai tro cua cac co ché ion héa, ching t6i tién hanh phan tich
nang luong quay vé cua electron tai va cham cho trudng hop tai va cham mot lan va tai va
cham hai lan trong Hinh 4. Buong thing ding mau xanh (nét dat) thé hién thé ion hoa cua
Ar* (1, = 27,63 eV). Trong md hinh c6 dién, ning luong quay vé cua electron tai va cham
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thu duoc trong truong laser co gia tri bat ki tr 0 dén 3,17Up (Corkum, 1993), trong do6
U, = | / 4? 1a thé trong dong véi | 1a cuong d6 va o tan sb goc caa truong laser. Trong
truong hop tai va cham mot 1an, két qua cho thy rang niang luong quay vé cua electron téi
va cham hau hét thap hon 1, , vi vay céc electron tai va cham phan lon khong du ning

lwong dé truc tiép kich hoat su ion hoa cua electron lién két. Khi nay, co ché ion héa hodn
chiém wu thé véi ti 1¢ 78,78%, 88,12% va 91,85% lan luot twong tung voi N =4, N =6 va
N =8. Ddng thoi co ché ion hoa truc tiép giam dan khi ting s6 chu ki laser.

Déi véi trudng hop tai va cham nhiéu 1an, trong lan tai va cham tha nhét, electron tai
va cham chi truyén mot phan ning luong cho electron lién két khi quay vé 16i hat nhan.
Sau d6 no tiép tuc bay ra xa khoi ion me véi phan ning luong con lai dudi tac dung caa
truong laser va quay lai tai va cham lan hai dé kich thich electron lién két, do d6 ning
lwong quay Vvé caa electron tai va cham & 1an hai nho hon & lan thir nhat, diéu nay hoan
toan phu hop voi i thuyét caa Simpleman (van Linden van den Heuvell, & Muller, n.d.).
Trong trudng hop N =4, ddi véi lan quay vé tha nhat, nang luong cua electron tai va
cham khé 16n, do d6 electron tai va cham di qua hat nhan me véi thoi gian rat ngan va chi
chuyén mét phan nho niang luong cho electron lién két. Lic nay electron lién két dugc day
Ién trang théi kich thich va su ion héa xay ra sau mot khoang thoi gian hoan. Khi ting sd
chu ki laser Ién N =6 va N =8, két qua cho thay rang ning lugng quay vé trong lan tai va
cham tht nhat giam dan nén thoi gian tuong tac giita electron tai va cham va 15i 1au hon,
dan dén nang luong dugc truyén cho electron lién két nhiéu hon va day nd Ién trang thai
kich thich cao hon. Chinh vi vay, trong lan quay vé thir hai, electron tai va cham chi truyén
mot phan ning luong, sau d6 hodc kich thich sy ion hoa truc tiép caa electron lién két hoic
day electron lién két Ién trang thai kich thich cao hon va su ion héa xay ra sau mot khoang
thoi gian hodn. Nhu vdy, 16 rang, trong truong hop tai va cham nhiéu lan, co ché ion hoa
hodn chiém wu thé trong su phan bé phd dong lugng. Hon nita, khi ting sé chu ki laser, co
ché ion héa truc tiép ddi véi 1an tai va cham thi hai ciing ting dan.

4.  Kétluan

Trong bai b4o nay, bang cach sir dung md hinh tap hop c¢6 dién ba chiéu, ching toi
da khao sét chi tiét vai trd caa sy tai va cham nhiéu lan trong phd dong luong tuong quan
hai electron khi thay d6i d6 dai ciia xung laser tuong tng véi s6 chu ki tir N =4 dén N = 8.
Két qua cho thiy khi ting d6 dai xung thi cac su kién ion héa kép khong lién tiép (NSDI)
c6 xay ra qua trinh ion hoa thir cap tang 1én. Cac phan tich cta ching toi cho thay co ché
ion hoa hodn ludn chiém wu thé ddi véi cudng do laser dang sir dung bat ké do dai cua
xung laser. Phan tich sau hon ciing cho thiy ddi véi truong hop NSDI chi ¢6 tai va cham
mot lan va co ton tai tai va cham hai lan, co ché ion hoa hodn va co ché ion hoa truc tiép
tang 1én khi ting dan do dai cua xung laser. Nhitng khao sat nay c6 ¥ nghia cho cac nha
khoa hoc thuc nghiém trong viéc loai bo cac tin hiéu nhiéu, anh huong dén viéc nghién ciu
su tuong tac gitra hai electron trong 16p vo nguyén ti.
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ABSTRACT

In this paper, the three dimensional classical ensemble model is used to investigate the
contribution of the ionization mechanisms that control the multiple recollisions in the
nonsequential double ionization process of Ar atom. In this study, the length of laser pulse has been
varied as N = 4, 6, 8 To where Ty is the optical cycle of the pulse while keeping its wavelength and
intensity fixed. The results indicate that in the case of the near single cycle laser pulse, the multiple
recollisions are almost eliminated. In addition, we observe that as the length of the laser pulse
increases, the recollision induced excitation with subsequent ionization and direct ionization
mechanisms grow corresponding to the cases of the nonsequential double ionization signals which
consist of the single and double recollisions, respectively. Our investigation is vital for the
viewpoint of experiment for the sake of eliminating the distortion from multiple recollision signals.

Keywords: nonsequential double ionization process; multiple recollisions; 3D classical
ensemble model; ionization mechanism
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