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TOM TAT

Séng diéu hoa béc cao 1a mat trong nhing cong cu dé khao sat va thu nhan thang tin cau
triic dong cua nguyén tir, phan tiz. Trong gan ding mét electron hoat dong, chdng t6i mb phong
song diéu hoa bdc cao cia phan tir CO, fwong tdc véi laser xung cuc ngdn, cuong dé cao bang
cach gidi s6 phuwong trinh Schrodinger phy thugc thei gian. Si dung hiéu g giao thoa electron
trong pho séng diéu hda bdc cao, ching t6i tién hanh trich xudt théng tin khoang cach lién hat
nhan cua phén tir CO, vdi do chinh xac cao.

Tir khoa: song diéu hoa bac cao, hiéu wng giao thoa, thdng tin cau tric phan tir.
ABSTRACT

High-order harmonic generation of CO, from ab initio method
and an application for molecular structure retrieval

High-order harmonic generation is one of powerful tools to probe and retrieve atomic,
molecular dynamics. Within single active electron, we calculate high-order harmonics spectra of
CO, when interacting with a ultra-short laser by solving time dependent Schrédinger equation.
Using the interference effect in harmonic spectra, we retrieve internuclear separation of CO, with
a high accuracy.

Keywords: high-order harmonics, interference effect, molecular structure.

1.  Médiu

Phat xa song diéu hoa bac cao - HHG (High Order Harmonic Generation) Ia mot
trong nhirng hiéu tmg quang phi tuyén c6 thé xay ra khi nguyén ta, phan tir tvong tac véi
trudong laser xung cuc ngin (c& pico gidy, 10™2 s), cudng do cao (tr 10** W/cm?). Qua
trinh ndy duoc quan tim réat 1on cia cong dong cac nha khoa hoc do ngudn séng thir cap
thu dugc ciing 12 ngudn xung laser cyc ngin c¢é tan sb cao - bang boi lan tin sb laser chiéu
Va0 Va 6 tinh két hop rit cao. C6 thé phan chia thanh hai huéng nghién ctru chinh lién
quan dén qua trinh phat xa HHG. Hudng thir nhat sir dung HHG va0 Viéc tao ra cac xung
laser cuc ngén c& atto gidy (1078 s) [1] 1am cong cu d& nghién ciru cac qué trinh dong hoc
phén tu [2-4]. Vi HHG duogc phat ra trong qua trinh tai va cham vdi nguyén ta, phan tir bia
nén HHG c6 mang thong tin cu trac ciia nguy@n ti, phan tir. Hudng thir hai tip trung vao
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viéc thu nhan thong tin ciu trac tir phd HHG nhu xay dung lai hinh anh vin dao bi chiém
dong ngoai cung cta phan tir - HOMO (Highest Occupied Molecular Orbital) [5], theo ddi
qua trinh dao dong cua phan tir [2], sdp xét lai cac hat nhan [3], nghién ctu chuyén dong
cua electron [4]. Ngoai ra, trong hudng nghién ciru nay, nguoi ta cOn sir dung hiéu g
giao thoa electron [6] dé thu nhan khoang cach 1ién hat nhan cua phan tir [7].

Hiéu tmg giao thoa electron dugc phat hién 1an dau tién nim 2002 bang Ii thuyét boi
nhém cia M. Lein khi ho giai bang sb phuong trinh Schrédinger phu thudc thoi gian —
TDSE (Time Dependent Schrodinger Equation) cho phan tir H,* va H; trong trudng laser
[6]. Két qua tinh toan pha va cuong dd6 HHG cho thdy, tai mot “godc toi han” ndo dé, cuong
d6 HHG dat cyc tiéu cOn pha cia n6 c6 sy thay d6i rat 1on, ¢& 7 radian, goi 13 sy nhay
pha. Cyc tiéu ndy khong phu thudc vao thong sé cua laser ma dic trung cho céu trac timg
phan tir. Vi tri cuc tiéu c6 thé duoc du doan gan ding néu xem do 1a két qua cua su giao
thoa gitta hai ngudn diém birc xa dwoc dit tai vi tri ciia cac hat nhan phén tir. Két qua tur
cong trinh Ii thuyét [8] va thuc nghiém cho CO, [9, 10] d4 khing dinh c¢6 sy ton tai cia
hiéu tmg giao thoa trong phd HHG cua phan tir. Tuy nhién, vi tri cuc tiéu giao thoa trong
nhirng thi nghiém khéc nhau lai khac nhau, khong chi khac nhau do diéu kién dinh phuong
ma con khac nhau do sy phu thudc vao cudng do laser. Diéu ndy dan dén nhiéu nghién ciu
khéac trén CO, va phat hién hiu tmg giao thoa trong phé HHG do cic van dao dudi
HOMO giy ra [11]. Cho dén nay, cac cuc tiéu cudng do quan sat duoc trong phé HHG cb
thé duoc chia thanh ba loai: (i) cuc tiéu Cooper — khong phu thudc thong sb laser va su
dinh huéng ciia phan tir trong truong laser; (i) cuc tiéu do giao thoa electron, dic trung
cho cdu tric phén tir, phu thudc vao sy dinh phuong ciia phén tir, khong phu thudc vao céc
thdng so laser; (iii) cuc tiéu do giao thoa hiiy cia HHG tir cic van dao trong phan tir gay
ra, phu thudc vao thdng sb laser, dic biét 1a cudng d6. Xac dinh va sir dung cac loai cuc
tiéu khac nhau trong pho HHG c6 thé cho chiing ta biét thong tin khac nhau vé phan tir do.

Gan day, chiing toi d4 st dung hiéu tng giao thoa electron dé trich xuat khoang cach
lién hat nhan cua phan tir CO, [12] tir nguon HHG mé phong theo mo hinh gan dung ba
budc Lewenstein [13]. Tir cyc tiéu giao thoa electron trong phd HHG song song (s& duoc
giai thich trong tiéu muc 2b), thong tin khoang cach lién hat nhan phan tir dugc thu nhan
lai v6i sai s6 nho hon 5%. Ciing trong cong trinh ndy, thdng qua phuong phap chup anh cit
I6p phan tir [5], chiing t6i trich xuat moment ludng cuc dich chuyén phan tir CO,. Tir viée
khao sat va tim thay dau vét giao thoa trong moment ludng cuc vira tim duoc, chung t6i da
thu nhan thanh cong khoang cach lién hat nhan phan tir vi sai s6 hé théng nhé hon 1% khi
sir dung ca hai thanh phan moment ludng cuc. Tuy nhién, vi nguén HHG duoc mé phong
theo mo hinh Lewenstein, ¢4 bao ham trong d6 mot s6 gia thiét ciia gan diing truong manh
- SFA (Strong Field Approximation) nén c6 d¢ tin cdy chua cao.

Trong cdng trinh ndy, HHG s& duoc tinh tir phuwong phap ab initio, cu thé 1a giai sb
TDSE cho phan tir CO, duge md hinh trong gan dang mot electron tuong tac véi trudng
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laser xung cuc ngin, cuong do cao. Hiéu tng giao thoa electron duogc thé hién rat rd théng
qua c4c cuc tiéu cudng do trong cac phd HHG tinh toan duge. Dya vao hiéu img giao thoa
nay, khoang cach lién hat nhan ctia phan tir CO, dugc thu nhan lai voi d§ chinh xac cao.

2. Phuong phap ab initio tinh toan phd séng diéu hoa bic cao

Hién nay vé6i su phét trién ciia may tinh, dé thu dugc phd HHG, ngoai hudng tiép can
bang mé hinh gan dung nhu mé hinh ba budc Lewenstein, cic hudng tinh toan tir nhitng
nguyén i dau tién (ab initio) nhu giai TDSE [6], giai phuong trinh Kohn-Sham bang li
thuyét phiém ham mat do phu thudc thoi gian - TDDFT (Time Dependent Density
Functional Theory) [14] hay Ii thuyét Hartree-Fock phu thudc thoi gian - TDHF (Time
Dependent Hartree-Fock) [15] ngay cang dugc phat trién.

Loi giai tir TDSE ¢6 thé giai thich nhiéu két qua thyc nghiém, va do d6 c6 thé dung
lam dir liéu dé tham chiéu khi str dung cac mé hinh gan dung. Tuy nhién, phuong phap nay
con han ché vé kha ning mo rong cho cac hé c6 nhiéu hon hai electron. Mot phan vi né doi
hoi nhiéu tai nguyén tinh toan va mot phan vi viéc xay dung thé ning ctia hé nguyén tir hay
phan tir gip nhiéu khé khin. Vi nhitng khé khian nhu trén, gan dang mot electron hoat
dong - SAE (Single Active Electron) da dugc mo rong dé p dung cho phan tir.

Phuong phap TDHF hay TDDFT c¢6 nhiéu uu thé khi tinh dén cac hiéu ung nhiéu
electron (multi-electron effect) hay cac twong tac cau hinh (configuration interaction). Tuy
nhién, ciing vi vay ma hai phuong phap nay doi hoi rat nhidu tai nguyén may tinh va thoi
gian tinh toén. Véi hai phuong phap nay, nhiéu nghién ctru Ii thuyét da duoc tién hanh dé
khao sat anh hudng cua hiéu tng nhiéu electron 1&n céc qua trinh dong luc hoc phén tir. C6
thé ké dén nhu cong trinh khao sat tbc do ion hoa va HHG cho CO, ciia nhém tac gia [16].
Céc két qua chi ra ring, véi laser cuong do cao, I, >3.5x10" W/cm?, hiéu tng nhiéu
electron phai duoc tinh dén khi khao sat cic qua trinh dong luc hoc nay. Nhu vay, véi
nhirng laser ¢6 cudng do thap hon gia tri néu trén, dé tiét kiém chi phi tinh toan, ta c6 thé
xem HHG duoc dong gop chii yéu do sy ion hoa va tai két hop cua electron tir HOMO.

Tu nhitng phan tich trén, trong cdng trinh ndy, chdng toi sir dung phuong phap giai
TDSE két hop v6i gan dung SAE dé tinh toan va khao sat HHG cuia phéan tir CO,. Phuong
phép nay dugc ki vong 1a ¢6 thé dap tmg dugc yéu cau vé do chinh xac ma khong tén qué
nhiéu tai nguyén tinh toan. Chi tiét phuong phap duoc trinh bay trong phan sau.

a. Phuong phdp giai phiong trinh Schrodinger phu thudc thoi gian

Trong gan ding mot electron hoat dong va gan dung ludng cuc (dipole
approximation), phuong trinh Schrédinger mé ta sy twong tac cta phan tir CO, Véi trudng
dién cua laser la

{—ﬁ—;+\7c +\7L}‘P(r,t)=%‘l’(r,t), (1)
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trong d6 s6 hang thir nhat 14 todn tir dong ning ctia hé; V., =V (r) 1a thé ning Coulomb
cta phan tir, dugc xay dung theo mé hinh thé ning mot electron hoat dong [17]; trong d6
st duyng mé hinh thé LB do R. Van Leeuwen va E. J. Baerends dé xuit;
\7L =\7L(r,t) =r-E(t) lathé ning twong tic cta electron véi truong dién laser, duoc viét
trong dinh chuén dai (length gauge).

Tir phuong trinh (1), bang phuong phap tach toan tir [18], ham song cua hé tai thoi
diém t+ At duogc biéu dién thong qua ham song tai thoi diém t nhu sau

W(r,t+ At) = exp{—iAtH }¥(r, 1), )
trong do, H = p—22+\7C +\7L la toan tir Hamilton cua hé. Cac budc giai chi tiét phuong trinh
(1) déu duoc trinh bay trong cong trinh [19], ham s6ng ban dau cia phan tad ¥(r,t =0)
chinh [a HOMO phén tir, dugc giai tir phuwong phap B-splines [20].

b. Tinh toan phé séng diéu hda bdc cao

Cuong d0 HHG véi tan s0 @ dugc cho bdi cong thic

S(w) =| A(), @)
trong d6 A(w) 1a bién dbi Fourier vao khong gian tan sb cua gia tbe ludng cuc A(t). Theo

Dinh Ii Ehrenfest, gia toc ludng cuc A(t) bang:
2

A(t) :%Q} = —(P(r,1)[VV. () + E@)| W(r,1)). (4)

Nhu vay, bang viéc tim nghiém ciia phuong trinh Schrdinger phu thudc thoi gian, ta
c6 thé tim duoc gia tc ludng cuc va thu duoc phd HHG nho phép bién doi Fourier.

Vé mit nguyén tic, hai cach tinh trong cong thirc (4) 1a tuong duwong nhau. Chung toi
d4 xac nhan diéu ndy bang két qua tinh toan s6 cho mot s truong hop don gian, thé ning
c6 biéu thirc giai tich, nhu nguyén tir Ar, ion phan tir H. Tuy nhién, voi bai toan cua
chiing t6i, thé niang cuia phan tir khong c6 biéu thirc giai tich ma chi 1a bang sd, cling véi
vige VS (r) c6 Ki di tai hat nhan, viéc 1ay dao ham caa ham V"5 (r) sé rat khé va doi hoi
luéi toa d6 rat day ¢ gan hat nhan. Do d6, trong truong hop ndy, ching tdi sir dung cach

2
tinh bang %(ﬂ dé thu duoc gia toc ludng cuc. Cac tinh nay khong doi hoi ludi thoi gian

quéa day, ciing nhu cho két qua hoi tu nhanh hon.
Céc cong trinh thyc nghiém thuong chi do cac phdé HHG c6 phan cuc song song va
(Hinh 1), goi tit 14 HHG song song va

vudng goc voi phan cuc cua truong dién laser, E

HHG vuéng gbc. Tuy nhién, vi thanh phan vudng goc co cudng do yéu hon so véi thanh
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phan song song nén thuc nghiém thuong chi do HHG song song. Do do, trong cong trinh
nay, chding toi chi tap trung khao sat thanh phan song song cia HHG.

M6 hinh tinh toan duoc thiét 1ap nhu so d6 Hinh 1: Phan tir CO, dugc dinh phuong
trén truc Oz, laser dugc chiéu sao cho vector phan cuc cia dién truong nim trong mit
phing yOz, va hop véi truc phan tir mot goc dinh phuong 1a 6. Trude khi thuc hién phép
bién d6i Fourier, can chuyén gia tdc ludng cuyc vé hé quy chiéu phong thi nghiém bang
phép quay

A t) = A (t)cosO + A (t)sin o, (5)
trong d6, A, (t), A (t) lan luot 12 gia toc ludng cuc song song va vudng goc trong hé quy

chiéu gan véi phan tir
d2
A, (t) =F<‘P(r,t)lql‘P(r,t)>, q=Y,2. (6)

Z A

Hinh 1. Md hinh tinh toAn HHG khi phan tiz CO, tuwong tac voi laser

3.  Kétqua

Phan tir CO; la phan tir thaing, HOMO c6 dang ddi xtng 7, (Hinh 2), khoang cach
lién hat nhan O-O cia phan tir 14 Ry, =4,41 a.u.. Véi thé ning VS*°(r) xay dung duoc,
str dung cac tham sé gidng nhu nhom tac gia S. F. Zhao [17], ching t6i thu duogc gia tri
ning lugng ion hoéa phan tir 1a I, =0,55 a.u., phu hop tt voi [17]. Khi so sanh voi gid tri
thyc nghiém 17® =0,506 a.u., két qua nay c6 sai s6 tuong ddi 1a gan 8,7%. Tuy nhién, nhu
lyu y cia nhém tac gia S. F. Zhao ciing nhu sy khao sat ctia chung toi, sai khac ndy c6 thé
giam xudng khi thém sé hang twong quan (correlation potential) vao VZ*®(r) hoic diéu
chinh hai tham s6 ctia thé LB. Tuy nhién, trong cong trinh nay, ching toi chi nghién ciu
HHG cuaa phan tir khi chua tinh dén thé ning twong quan. Viéc khao sat anh huong cia thé
ning tuong quan s& 1a huéng phat trién tiép theo ciia d¢é tai.
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Hinh 2. HOMO cua phan ti CO,
a. Phé song diéu hoda bdc cao ciia phéin tir CO;

Do cong trinh [16] d4 chi ra, chiing ti s& sir dung laser c6 cudng do 1, =2x10"
Wi/cm?, va céc thdng sb khac dugc st dung nhu sau: Bude séng 800 nm (@, =0,057 a.u.),
d6 dai xung 7 =13 fs (1 fs = 10" s). Dién trudng cua laser dugc thé hién trong Hinh 3.
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Hinh 3. Dién truong cua laser dwoc sir dung trong cdc tinh toan HHG cuia phdn tr CO,
Do tinh d6i xtng ciia phan tir, ching t6i sé tinh toan va khao sat HHG ciia phén tir
CO; theo cac goc dinh phuong khac nhau tir 0° - 90°. D& minh hoa, ching t6i biéu dién
cudng d6 HHG theo ning luong (hay bic HHG) v6i hai goc dinh phuong 6 =0°,30° trén

Hinh 4(a). Dé dé& quan sat, HHG cua 0 =30° da duoc tinh tién 1&n theo chiéu doc cua hinh.
Céc phd HHG v6i cac goc dinh phuong khac déu co dic diém tuong ty va déu co dic diém
dic trung cia mot phd HHG, d6 1a: sau khi giam nhanh ¢ cac bac nhé, HHG trai qua mién
phing v6i cudng do6 gan nhu khong d6i va két thuc mién phang tai diém ding (cut-off).
V6i cac thong s6 laser néu trén, mién phang HHG két thic ¢ bac 37, phi hop v6i cong

thic o =1321 +317U ~37w, cia md hinh Lewenstein [13], trong do

cut-off
u,=1, I (4o?) 1a thé trong dong ctia electron trong truong laser. Pic diém déng chu ¥
nhat trong cac phd HHG 13 sy xuat hién cia cac cuc tiéu cudong do, duoc giai thich 1 két
qua ciia qué trinh giao thoa electron. C4c cyc tiéu nay dic trung cho ciu tric cia timg phan
tir, do d6 vi tri ctia chiing (bac HHG) phu thudc rdt manh vao gié tri goc 6, goc dic trung
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cho sy dinh phuong cta phén tir d6 trong truong laser. Goc dinh phuong ting thi bac HHG
cuc tiéu cling ting. Véi cac thong s6 laser dugc st dung trong cong trinh nay, khi 6 > 45°
thi cac cuc tiéu giao thoa khéng con quan sét duoc trong mién phing nira.

Hinh 4(a) thé hién rat rd cac tiéu cudong d6 cia HHG: Tai 6 =0° ¢6 cuc tiéu khoang
& bac 19 con vai 0=30° Ia khoang ¢ bac 23. Két qua ndy phi hop voi két qua ¢ Hinh
4(b). Trong Hinh 4(b), chlng t6i khao sat sy phu thudc cia cuong d6 HHG bac 19 va bac
23 theo goc dinh phuong, két qua cho thiy cudng d6 cua bac 19 co cuc tiéu quanh goc
dinh phuong 6 ~0°, con bac 23 ¢6 cuong do cuc tiéu tai 6=31". Két qua ndy ciing kha
ph hop véi cong trinh khao sat I thuyét [21]: Cuong ¢6 HHG ctia phan tir CO; ¢6 hai cuc
dai tai 0 ~20+25° va 0 ~60+70° va cé ba cuc tiéu dia phuong tai: 8 =0;90° va tai goc
6 xay ra sy giao thoa electron. Tai goc 6 =0;90°, cudong dd6 HHG dat cuc tiéu c6 thé giai
thich 1a do dbi ximg HOMO cua phén ti: véi d6i xtmg 7 , Xac suat ion hoa tai 0° va 90° I3
rat nho dan dén cuong d6 HHG ciing rat nho so véi cac goc khac. Véi bac 19 trén Hinh
4(b), do cudng do cua bac ndy ciing cuc tiéu tai 0° nén ta chi thiy rd mot cuc dai gan goc
60°. Nhu vay, dé xac dinh chinh xac goc c6 xay ra hidu tmg giao thoa electron, nhu s& trinh
bay trong phn sau, ching t6i s& khao sat thém diéu kién vé su nhay pha cua HHG.

Dé danh gia do tin ciy cling nhu sy phl hop véi thuc nghiém cia cac két qua thu
duoc, ching t6i tién hanh so sanh véi cac két qua thuc nghiém cho CO. Vi tri cac cyc tiéu
cuong do trong tinh toan cuia ching t6i phd hop tt véi dit liéu thuc nghiém trong cong
trinh [9, 22]. Cu thé, trong cong trinh [9], véi diéu kién dinh phuong 6 ~30°, cyc tiéu giao
thoa xuét hién & bac 23; trong cong trinh [22], cAc tac gia quan sat duoc cuc tiéu ¢ ning
lugng 42+2 eV, con két qua tinh toan ciia chung toi voi cling thong sé nhu [22] 1a
40+ 45 eV. Piéu ndy cho thay cac két qua tinh toan duoc c6 du do tin cay dé tién hanh cac
budc khao sat tiép theo.

0 T T T T ()‘ T T T 14 | T T T T T ‘][]9‘ T
00— | 9 e
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Hinh 4. (a) HHG song song cuia phdn tir CO; khi tuong tdac véi laser 800 nm,
cuong do 1, =2 x10™ Wiem?, T =13 fs Vi cdc goc dinh phuong khac nhau;
(b) Sw phu thuéc cua cuong do HHG bdc 19 va bdc 23 vao géc dinh phuong.
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V6i bo dir liéu ndy, dua vao hiéu tmg giao thoa electron, chiing tdi s& tién hanh trich

Xuat khoang cach lién hat nhan phan tu.
b. Khodng cdch lién hat nhén tir cic ciee tiéu giao thoa trong séng diéu hoa bdc cao

Nhu Hinh 4(a) thé hién, khi biéu dién cuong do HHG theo ning luong (béc), trong
phd cuong d6 xuét hién cac cuc tiéu. Khi goc dinh phuong thay d6i, vi tri ciia cac cuc tiéu
ciing thay d6i. Hiéu tmg nay duoc phat hién va giai thich boi nhom tac gia M. Lein [6].
Khi nghién ciru HHG cta phéan tir Ho* va Hy, cac tac gia khong nhimng d4 chi ra rang cac
cuc tiéu cudong do nay dic trung cho timg phan tir ma con ¢ thé giai thich va dy doan vi
tri cta cac cuc tiéu bang mé hinh giao thoa hai tam.

Vi phan tir CO, c6 HOMO phan lién két (anti-bonding) nén céc cuc tiéu giao thoa
trong phé HHG s& tuén theo cong thirc diéu kién cyc tiéu ciia giao thoa hai ngudn diém:

Rcosf@=nA, n=1 2, 3.. @)

Trong cong thuc trén, R la khoang cach 1ién hat nhan phan tu; n 1a thir tu cua cac cuc
tiéu cuong do, vai laser trong cong trinh ndy, HHG chi ¢c6 mot cyc tiéu trong mién phing
mg voin = 1; con A 1a budc song de Broglie cua electron tai két hop

A=2r/Kk, (8)
vdi k 1a do 1on cua vector song. Do 16n cia vector song lién hé vai nang lugng photon @
phét ra thdng qua hé thirc tan sic:

k=2(w-51,), (9)

Vi 0 bang 0 hodc 1 twong Gmg vai hai birc tranh vat Ii khac nhau khi electron trg vé tai két
hop v6i ion bia. Khi electron quay vé tai két hop tai bo thé ning s& tmg véi 6 =1, con néu
su tai két hop ¢ day ciia hd thé thi electron s& chiu sy gia toc cua thé ning Coulomb tng
V61 6 =0. Vige ¢ hay khong c6 1, trong hé thirc tan sic da duoc thao luan trong nhiéu
cong trinh, trong d6, cac tac gia [23] d4 chi ra rang v6i nhitng bac HHG nho, budc song
electron tuan theo hé thirc ttng v6i 6 =0; cOn & nhirng bac HHG 1én tng v6i 6 =1. Trong
cong trinh nay, chlng tdi sir dung hé thirc tan sic voi 0 = 0, két hop véi cong thic (8) dé
xac dinh budc song electron tai két hop tuong ing voi bic cua cuc tiéu giao thoa trong phd
HHG.

Nhu vay, voi mot goc dinh phuong 6 cho trudce, néu xac dinh duge bac HHG cuc
tiéu @, , thi co thé thu dugc gia tri khoang cach lién hat nhan caa phan tir, nhd cong thirc
(7), cu thé nhu sau

. 2w

cos 0/2m,,,
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Tuy nhién, dé thu dugc két qua chinh xac hon, thay vi ¢4 dinh 6 va tim a,;, , ching
t6i s& cd dinh @ va xac dinh gia tri goc t6i han 6, , tai d6 cudng d6 HHG 1a cuc tiéu kém
V61 sy nhay pha HHG, nhu cong trinh [6, 7] d& chi ra.

Bang cach khao sat cuong do va pha cia tit ca cac bac HHG vao goc dinh phuong,
chung t6i xac dinh dugc cac bac xay ra hiéu (ng giao thoa electron va gia tri cua cac goc
toi han 6, tuong tng, thé hién trén Hinh 5.

Hinh 5(a) va 5(b) lan luot 1a két qua khao sy phu thudc cia cuong do va pha cia cac
bac HHG khac nhau vao goc dinh phuong. Sy khao sat nhu trong Hinh 5(a) s& giup xac
dinh gia tri goc dinh phwong ma tai d6 cuong do6 HHG la cuc tiéu. Sau d6, dé xac dinh gia
tri goc t6i han c6 xay ra hidu tmg giao thoa electron 6, chung tdi khao sat sy thay doi pha
cta cac bic HHG theo goc dinh phuong, tai gia tri goc ndo ¢6 su nhiy pha gan 7 radian
thi gia tri ¢6 chinh 1a 6, can tim. Hinh 5 thé hién rat r6 sy nhay pha HHG quanh vi tri goc

ma tai d6 cuong d6 HHG 1a cuc tiéu.
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Hinh 5. (a) Sw phu thudc cia cuong do HHG,
(b) Su phu thuéc cua pha HHG vao goc dinh phuong
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Tir két qua khao sat ndy, gi tri khoang cach lién hat nhan cta phéan tir CO, tir hiéu
ung giao thoa electron dugc trinh bay trong Bang 1 dudi day.
Bdng 1. Khodng cach lién hat nhan O-O cua phan tir CO, tr HHG song song

Bac (w,) GOC téi han 6, (d9) R (a.u.) Sai s6 (%)
23 31 453 2.72
25 35 454 2.95
27 38 4.54 1.63
31 40 443 0.45
33 43 4.43 0.45
Trung binh 4.49 1.90
Do léch chuén (a.u.) 0.05

Gi4 tri trung binh cia khoang cach lién hat nhan O-O khi trich xuat tir cac cuc tiéu
giao thoa 1a R™ =4,49+0,06a.u. Vi sai sd tuong ddi so véi gia tri thue nghiém 1a 1.90%.
Day 1a thong tin cu tric dong ctia phan tir, do laser duogc s dung cb budc séng ngian 800
nm nén d6 phan giai thoi gian rat nho, vao ¢& 2.7 fs.

So Véi gia tri thu duoc tir cuc tiéu giao thoa [12], mdé phong tir md hinh ba budc
Lewenstein, két qua trong cong trinh ndy gan vai gia tri thyc nghiém hon va sai s6 ciing
nho hon. Tuy nhién, trong céng trinh [12], ngoai sir dung cuc tiéu giao thoa, chiing t6i cOn
tién hanh thu nhan thong tin cAu tric phéan tir tr moment ludng cuc dich chuyén voi do
chinh Xac rét cao, sai s6 khoang 1% khi két hgp ca hai thanh phan moment ludng cuc. Pay
s& 1a hudng phat trién tiép theo ciia cong trinh nay trong thoi gian toi.

4.  Kétluan

Trong cdng trinh ndy, sir dung gan dung mot electron két hop voi phuong phép giai
TDSE, chung t6i d& m6 phong HHG cua phan tir CO; khi tuong tac véi laser 800 nm,
cudng do 2x10" W/em? Cuc tiéu cuong do trong phd HHG Gng voi mot goc dinh
phuong cu thé ciing nhu sy nhay pha xung quanh goc tdi han ciing dugc quan sét trong phd
HHG. Céc két qua nay phl hop véi cong trinh thuc nghiém va Ii thuyét khac d& cong bd.
Str dung hiéu tmg giao thoa nay, chung toi d4 trich xuat khoang cach 1ién hat nhin cua
phan cia CO, Véi d6 chinh xac cao, sai sé dudi 2%. Phuwong phap nay cé thé dugc ap dung
cho c4c phan tir thang khac nhu Ny, O, CO.

Loi ciam on: Nghién citu nay duoc tai tro bei Quy phét trién Khoa hoc va Cong nghé Quac
gia (NAFOSTED) trong dé tai ma s¢ 103.01-2014.44 va béi Truong Pai hoc S pham TPHCM
trong dé tai cdp Co s¢-2016 mé s6 CS2016.19.08.
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