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TOM TAT
Bang viéc gidi sé phwong trinh Schrédinger phy thugc thoi gian, chiing t6i thu diwoc
phé séng diéu hoa bgc cao phat ra tr phan tir H; dang dao déng twong tac véi chum laser
cuong dg cao nham khao sat vi #ri diém giao thoa cuc tiéu. Két qud cho thdy khi hgt nhan
dao dong, cuong dé song diéu hoa dat cuc tiéu tai bac nho hon so vai khi hat nhan co
dinh. Ngoai ra, pha cua song diéu hoa sé nhay pha mgt goc xap xi bang = radian khi di
qua mgt goc dinh phuwong “téi han” khi xét dén dao déng hat nhan.
Tir khoa: laser cuong do cao, song diéu hoa bac cao, dao dong phan tu, giao thoa,
khoang céch lién hat nhan.
ABSTRACT
Effects of nuclear vibration on positions of the destructive interference
in high-order harmonic generation spectra of H,

By solving numericalli the time-dependent Schrodinger equation, we obtain the high-
order harmonic spectra emitted from the vibrating molecule H, exposed to an intense

laser pulse in order to investigate the positions of the destructive interference. The results
show that with nuclear motion, the intensity of the harmonic is minimized at the harmonic
order less than that in case of fixed nuclear. Besides, the phase of harmonic of vibrating
molecule undergoes a jump by about 7z radians at a “critical orientation angle™.

Keywords: ultrashort intense laser, high-harmonic generation, vibrating molecule,
interference, internuclear separation.

1. Giéithi¢u

Trong vai thap ki tro lai ddy, twong tac giira laser xung siéu ngéan, cuong d6 cao
V&i nguyén tir, phan tir 1la mot trong nhitng hudng nghién ciru s6i dong, thu hat sy tham
gia cia nhiéu nhom nghién ctu trén thé gigi. Twong tac ndy dan dén mot sé hiéu tng
phi tuyén tinh va phi nhidu loan nhu kich thich phat xa song diéu hoa bac cao (high-
order harmonic generation - HHG) [1], hiéu ung phan li trén ngudng (above-threshold
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dissociation - ATD) va ion hda ting cuong do cong huong dién tich (resonance-
enhanced ionization- CREI) [2]. Trong d6 pho HHG 12 két qua cua tuong tic gitta dién
tir sau khi ion héa xuy@n ham khoi nguyén tir, phan tir vm ion me [1], co do phan glal
thoi gian thang atto gidy duoc xem nhu 1a ngudn cung cap thong tin dang tin cay vé cau
trdc cua nguyén ti, phan tu.

Khi birc tranh trong tac giita laser voi nguyén tir dua vao md hinh gan ding mot
dién tir (Single Active Electron approximation - SAE) kha hoan chinh, cac nha khoa
hoc tiép tuc phat trién bai toan dbi véi nguyén tir nhiéu dién tir va phan tir. Tuy nhién,
vi phan tir ¢ nhiéu bac tu do hon so vé6i nguyén tir nén khi tinh HHG cho phan tir s&
phtc tap hon. Viéc sir dung md hinh gan dang ba budc dé tinh HHG cho phan tir s&
lam giam dang ké khdi lugng tinh toén nay. Bén canh phuong phap tren mot phuong
phép khéc ciing dang phat trién 1a phwong phap giai chinh xac bang s6 phwong trinh
Schrodinger phu thugc thoi gian (the Time — Dependent Schrédinger Equation — viét
tat 1a TDSE). Tuy nhién, phuong phap nay doi hoi nhiéu tai nguyén may tinh nén hién
nay méi chi duoc ap dung ddi véi cac phan tir don gian nhu H,, H, H2" .

Bang phuong phap giai TDSE cho phan tir H; va H, khi tuong tac voi trudng
laser, Lein va céc cong su [3,4] d& phat hién rang trong phd song diéu hoa bac cao xuat
hién bac HHG ma tai d6 cuong d6 HHG dat cuc tiéu, vi tri diém cuc tiéu nay khong
phu thuoc vao thdng sb laser. Khao sat su phu thudc cuong ¢ HHG vao goc dinh
phuong [3] chi ra rang, ton tai mot goc dinh phuong “téi han” ma tai d6, cuong do
HHG dat cuc tiéu. Hon nita, tai goc dinh phuong naycé sy nhay pha HHG gan bang 7
radian. Céc cdng trinh thuc nghiém d4 duoc tién hanh véi phan tir CO, nhiam quan sét
hién tuong giao thoa [5]. Nam 2008, Chen va Liu [6] da tinh toan HHG cho phan ta vai
khoang céch lién hat nhan 16n sir dung phwong phép gan dung truong manh. CAc tac
gia da chi ra rang véi khoang cach lién hat nhan 16n, trong biéu thtc tinh cudong do
HHG chtra thanh phan phy thudc vao truong ngoai, do d6 vi tri diém giao thoa cuc dai
va giao thoa cuc tiéu trong phdé HHG nhay véi théng s laser twong tac vi du nhu
cuong do.

Tuy nhién, trong cac cdng trinh trén, dé don gian bai toén, céc tac gia da gia thiét
rang hat nhan phan tir dimg yén, va bo qua thanh phan dao dong cua hat nhan. Khao sét
vi tri diém giao thoa tir dir liéu phé HHG cua phan tur tinh dén chuyén dong hat nhan
mai dugc quan tam trong mot vai cdng trinh gan day [7,8]. Nghién cau |i thuyét bing
phuong phap ban ¢ dién [7] d4 dy doan rang vi tri diém giao thoa bi bién mat khoi pho
phat xa HHG khi xét dén dao dong hat nhan. Tuy nhién, bang phuwong phép thuc
nghiém Baker va cac cong su [8] da dua ra két luan rang hiéu tmg dao dong hat nhan
caa phan tir H,1a nguyén nhan khién cho hién tuong giao thoa dugc quan sat ddi véi
nhiing séng diéu hda co tan sb thap hon so véi truong hop hat nhan phan tir bi “déng
bang”. Dé giai quyét nhitng mau thuan trén, trong cdng trinh nay, ching t6i tién hanh
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nghién cau Ii thuyét anh huong cia dao dong hat nhan Ién vi tri diém giao thoa cuc tiéu
trong pho phét xa séng diéu hoa bac cao caa phan tir H; .

Nham muc dich trén, ching t6i sir dung phuong phéap giai s6 TDSE két hop gan
dung Born — Oppenheimer (BO) dé tinh toan ham séng phu thugc thoi gian cua phén tir
H; khi tuong tac véi laser, tir d6 tinh duoc phd HHG tuong ting véi ting bac dao
dong v cua hat nhan. Tt dir liéu cuong do va pha HHG, chung toi khao sat vi tri diém
giao thoa cuc tiéu khi hat nhan c6 dinh, va hat nhan dao dong vai céc trang thai khac
nhau.

Bé cuc bai bao dugc chia 1am bén phan chinh. Sau phan mé dau, ching toi gioi
thi¢u phuong phap TDSE cho phan tir H; va phuong phép trich xuét théng tin khoang
céch lién hat nhan tir dit liéu vi tri diém giao thoa cuc tiéu. Phan ba trinh bay céc két
qua thu dwgc vé anh huéng cua dao dong hat nhan 1én vi tri diém giao thoa cuc tiéu.
Cudbi cung 1a phan két luan.

2.  Phwong phap

Trong phan nay, ching tdi s& gisi thiéu phuong phap TDSE dé tinh HHG cua
phan tir H; khi hat nhan dung yén va khi hat nhan dao dong. Pong thoi phuong phép
trich xuét théng tin khoang céch gitra hai hat nhan ciing s& dugc dé cap dén.

2.1. Phwong phap TDSE cho phén tir H,

Trong thuc nghiém, mot chum laser yéu thuong dung dé dinh phuong phan tir,
sau d6, chiéu cham laser manh léch goc 6 so voi phuong ciia phan tir dé khao sét
HHG. Do vay, trong cong trinh nay dé giam khoi luong tinh toan, chidng téi chon mé
hinh hai chiéu cho hé dién tr va mot chiéu cho hat nhan phan td H; . Phuong trinh
Schrodinger phu thugc thoi gian cho nguyén tor H, khi trong tac voi truong laser ¢
dang (trong hé don vi nguyén te 7=e=m, =1)

0? 0? 0?
- 2 2 2 T
20x2  20y> 2udR

i%‘l‘(x,y,R,t)z[ VC(x,y,R)+VL(x,y,t)j\P(x,y,R,t), (1)
trong do: x,yla toa do cua dién tar d6i vsi khéi tm cua hat nhan, R 1a khoang céch
lien hat nhan, x 1a khdi lwong rdt gon cua hai hat nhan. Thé nang Coulomb cua hé
V¢ (x,y,R) codang

Vc(x,y,R):%— 1 - 1 : (2)

\/(X—ij +y*+¢&(R) \/(X+zj2 +y*+¢&(R)
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Tri s6 “£(R)” goi la thé soft-Coulomb, dwoc thém vao biéu thic thé ning
Coulomb nham tranh diém ki di. Thé soft-Coulomb nay dwoc lya chon sao cho ning
lwgng co ban caa ion H; trong md hinh dang xét twong tng vai thé niang phan tir thuc.
O trang thai can bang, khoang céach lién hat nhan caa ion phan tr H; 1R =2.0 a.u.

Thé ning twong tac gilra phan tir véi truong laser V, (x,y,t)duoc viét trong gan
dung dinh chuan dai c6 dang

VL (%, y,t) =(xcos0 +ysin@) E(t) = (xcosd+ ysinO) E, f (t)sin(awyt), €))
trong do: € dugc goi la goc dinh phuong — goc tao boi vecto phan cuc cua laser va truc
phan ti; E,, @, lan luot 1a cudong do dién truong cuc dai va tan sé cua xung laser,
f (t) 1a ham bao cua laser c6 dang ham sin binh phuong.

Phuong trinh TDSE dugc giai bang phuong phép tach toan tir [9]. Theo d6, ham
song ¥ (x,y,R,t) caa hé tai thoi diém t khi twong tac vdi laser duoc giai sb bang céch
tac dung toén tur tién hoa theo thoi gian 1én ham song ban dau ¥ (x,y,R,t=0) khi
chua tuong tac voi laser

lI’(x,y,R,t):exp{—ijI—]dt}‘l’(x,y,R,t=0)- (4)

Trong cong trinh nay, ching t6i 4p dung gan dung BO dé tim ham séng ban dau
khi chua tuong tac véi laser cua ion phan toe H, . Véi maoi mitc dao dong hat nhan dic
trung boi chi s6 lugng tir v , ham song dugc viét dudi dang

(X yRt=0)=p(xY,R)z, (R) ©

trong do: ¢(x,y,R), z,(R) lan luot 14 ham séng cua dién tir va cuia hat nhan dao
dong. Ham séng dién tr ¢ (x,y, R)dugc xéac dinh bang phuong phap thoi gian 40 [10]

— giai phuong trinh Schrédinger cua dién tr chuyén dong wng véi mdi khoang céch lién
hat nhan R xac dinh

0° 0°
- — 4V (x,y,R X,¥,R)=E,(R)p(X,y,R). 6
Ham song cta hat nhan y, (R)dugc xac dinh bang phuong phap thoi gian ao dé
giai phwong trinh Schrédinger khi xem hat nhan chuyén dong trong hé thé cua dién tir
aZ
9% _LE(R R)=Eyx, (R)- !

Trong c6ng trinh nay, ching t6i sir dung ludi sb tinh todn 400 a.u. x400 a.u. cho
chuyén dong cua dién tir, va d6i véi hat nhan tir 0.2 a.u dén 10.2 a.u.
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Gia toc ludng cuc duoc cho béi a(t) = -E—(y |VV,|y). Cuong do séng diéu hoa
bac cao HHG theo vecto phan cuc n tai mot tin s @ duoc tinh bang phép bién dbi
Fourier tir khdng gian thoi gian vao khéng gian tan so cua gia toc ludng cuc

|(w) =

Pé thuan tién trong viéc quan sat diém giao thoa cuc tiéu trong phd song didu hoa
bac cao, chung tdi tién hanh lam tron pho theo cong thuc

I a(t).n.e‘“"dt|2 . (8)

(0@ )2

oo (@) = [1(@)e ** da, )

trong d6, gia tri cia phuong saic =3w,. Phd sau khi dugc lam tron thé hién HHG
trung binh, dai lugng dugc do tir thuc nghiém.
2.2. Higu itng giao thoa dién tir trong phé séng diéu hoa béc cao

Khi hat nhan phan tir duoc coi nhu ¢b dinh, véi mot goc dinh phuong cu thé,
trong mién phang cua phd HHG ton tai mot bac HHG ma tai d6 cuong 6 HHG dat cuc
tiéu. Pay 1a d4u hiéu cua hiéu ung giao thoa dién tir va dwgc Lein giai thich thanh cong
bang mo hinh giao thoa hai tam [3,4]. Vi tri diém giao thoa cyc tiéu tir phdé HHG cho
phép trich xuét thdng tin cau trac phan ti, cu thé 1a khoang céch gitra hai hat nhan tir hé
thac Bragg

Rcos@=(2n+1)%, (10)
trong d6: n=0,1,2,.. 1a bac giao thoa; A 1a budc song dién tir quay tre vé tai két hop
VGi ion me.

Khoang céch lién hat nhan (ng véi bac HHG xay ra giao thoa N duoc biéu dién
bang biéu thuc

R @n+)x

== (11)
cosf,/2Nw,

3. Kétqua

Trong phan nay, ching tdi s& trinh bay két qua vé vi tri diém giao thoa cuc tiéu
khi hat nhan co dinh va hat nhan dao dong khi thay d6i thdong so laser: cuong d6, d6 dai
xung.

Két qua tinh toan su phu thudc cia cuong do HHG vao bac HHG cia phan tir H;
g vai céc goc dinh phuong khac nhau khi hat nhan ¢6 dinh va khi xét dén dao dong
hat nhan duoc trinh bay trén hinh 1. Do tinh doi xrng cua ham song di¢n tir cua phan tu
H; nén chung toi chi khao sat phd HHG véi goc dinh phuong tir 0° dén 90° véi budc
nhay 1a 10°. Bé thuan tién hon trong viéc theo ddi vi tri diém giao thoa cyc tiéu, chiing
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t6i chi minh hoa phdé HHG sau khi duoc ldy trung binh theo cong thic (9). Laser sir
dung c6 cuong d6 3x10* W/ecm?, bude song 800 nm, do dai xung 21 fs (twong dwong 8
chu ki).

Tur hinh 1, chlng t6i nhan thiy dic trung cua phd khong thay d6i khi hat nhan
dao dong sau khi glam dan & nhiing tan sb dau, cuong d6 HHG géan nhu khong di ¢
mot mién cua tan sb duoc goi 14 mién phang va két thic ¢ mot diém dung sau do
cuong d6 HHG giam di dot ngot. Tuy nhién, khi hat nhan ding yén 12 vi tri diém dimng
la bac 59 (hinh 1a), con khi hat nhan dao dong véi v=1 vj tri diém dimng l1a bac 53
(hinh 1b). Khao sét véi laser c¢6 thong sb khéac nhau, chung t6i thu duoc két qua tuong
tu. Piéu nay duoc giai thich 12 khi hat nhan dao dong lam cho khoang céch lién hat
nhan tiang, do dé, dién tir d& dang ion xuyén ham ra mién lién tuc [11] nén vi tri diém
dirng giam. Nhu vay, khi hat nhan dao dong, vi tri diém dung trong phd HHG giam so
v&i truong hop hat nhan dang yén.

ity (arb. units)

Harmonic intensi

a b s 0 o 1 . 1 .9 _8 2 b o 0 o 1 . 1 . l.’
20 30 40 50 60 70 10 20 30 40 50 60
HHG order HHG order

Hinh 1. Phé HHG cua phan t: H; ing voi géc dinh phwong tir 20° @én 50° khi hat
nhan cé dinh (a) va hat nhdn dao déng véi v=1 (b). Mizi tn chi vi tri diém giao thoa cuc
tiéu.Laser cé cuong dg 3x10* Wicm?, budc séng 800 nm, dp dai xung 21 fs

Trong mién phang ciia pho HHG, ¢6 mot bac HHG ma tai d6 cuong do song dieu
hoa dat cuc tiéu — diém giao thoa cuc tiéu. Chung toi nhan thay véi goc dinh phuong
cang 16n, vi tri diém glao thoa cuc tiéu cang dich vé phla bén phai cia mién phang, hay
bac HHG cang tang. Két luan nay khong chi ding ddi véi truong hop hat nhan dung
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yén, ma con phi hop trong trudng hop hat nhan dao dong. Cu thé trong hinh 1a khi hat
nhén cb dinh, vi tri diém giao thoa ting véi goc dinh phwong 20°, 30° va 40° lan luot la
29, 33 va 45. Khi hat nhan dao dong vai v =1, bac HHG xay ra giao thoa cyc tiéu 1a 23
d6i véi goc dinh phuong 40° va 31 dbi vai goc 50° (hinh 1b). Vi goc dinh phuong 16n
hon 50°, vi tri diém giao thoa cuc tiéu vuot ra khoi mién phing, do vay khdng quan séat
duogc trén phd HHG.

Théng tin vi tri diém giao thoa dién tir trong phé HHG cho phép trich xuét thong
tin khoang céch lién hat nhan. Theo cdng thirc Bragg (10,11) ching t6i thu dugc gia tri
khoang cach gitra hai hat nhan R cho truong hop hat nhan dtng yén tur di ligu HHG
cua phan tor H,; khi tuong tic véi laser c6 cudng do 3x10™ W/cm?, budc song
800nm, d6 dai xung 21 fs. Két qua duogc thé hién trén bang 1. Gié tri R thu duoc c6 gia
tri 1,83+0,01 a.u. Mat khac theo theo Ii thuyét R = 2.0 a.u. Nhu vay su khac biét gitra
gia tri If thuyét va gia tri khoang cach lién hat nhan trich xuat tir dit liéu phd HHG la
8,5%. Su khac biét ndy nho, do vay, dir liéu giao thoa dién tir cuc tiéu tir phd HHG va
mo hinh giao thoa hai tdm la dang tin cay.

Bdng 1. Khoang cach lién hat nhén cua phan t H, khi tuong tac voi laser
cO cuong dé 3x10* Wicm?, budce song 800 nm, dé dai xung 21 fs

0 0° 10° 20° 30° 40°
Nhre 26 27 29 33 45
R (a.u.) 1,82 1,82 1,84 1,87 1,81

Dé so sanh vi tri diém giao thoa cuc tiéu khi hat nhan dao dong voi cac trang théi
dao dong khac nhau, pho HHG caa phéan tir H; khi hat nhan dimg yén va dao dong véi
v=1 ung voi goc dinh phuwong 40° dugc minh hoa trén hinh 2a, con khi hat nhan dao
dong voi v=1 va v =2 vdi goc dinh phuong 50° duoc biéu dién trén hinh 2b. Ching
t6i nhan thay véi ciing mot goc dinh phuong, khi hat nhan dao dong vi tri diém giao
thoa cyc tiéu dich vé phia bén tréi so véi truong hop hat nhan dung yén. Bac HHG, tai
do6 xay ra cuc tiéu trong phd HHG khi hat nhan dung yén 1a 45, con khi hat nhan dao
dong vaéi v=1 1a 23 (hinh 2a). Ngoai ra, bac dao dong cua hat nhan cang cao, bac HHG
xay ra giao thoa cang nho. Véi goc dinh phwong 50°, khi hat nhan dao dong véi v=1,
bac giao thoa la 31, con véi v =2 vi tri diém cuc tiéu 1a 27. Két qua trén c6 thé duoc
giai thich dya vao mo hinh giao thoa hai tam. Khi hat nhan dao dong, khoang céch lién
hat nhé&n lén hon so vé&i truong hop hat nhan dtng yén, do do theo céng thic Bragg
(10) bac HHG xay ra giao thoa khi hat nhan dao dong nho hon so véi khi hat nhén
dung yén. Ngoai ra, hat nhan dao dong cang manh mg, khoang cach lién hat nhan cang
tang manh nén dé thoa man diéu kién giao thoa hai tam, budc séng cia dién tr quay vé
tai két hop voi ion me phai ting, do d6 niang luong dién tir thu duoc khi di chuyén
trong mién lién tuc ti 1 voi bac HHG giam. Khi hat nhan dao dong, ching tdi chi trinh
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bay truong hop v=12Vi Véi trang thai v =0 xac suit ion héa rat nho (<1%) nén db thi
HHG thu dugc khong ¢ dic trung co ban cua phd. Ngoai ra, md hinh giao thoa hai
tdm chi thoa mén khi khoang céch gitra hai tdm nho, mat khéac, khi hat nhan dao dong
Vi bac cao v > 2, khoang céch 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.

a)
A_4"""""'
= s = == =ding yén
£ . v=1
< -5}

o0
=
=
S
=
Zep
.‘é
=
<)
j==1
==}
=-8|
o0
g
=
<5
-9 a0 o 0 o 0 o 8 . 1
10 20 30 40 50 60

Bac HHG

Hinh 2. Phé HHG cua phan tirH; ing Véi géc dinh phwong
40°(a) va 50°(b) khi hat nhdn dao déng véi cac trang thai khac nhau.
Laser duwoc sir dung ¢6 théng sé giong hinh 1.

Tiép theo, chung tdi khao sét sy phu thudc cua vi tri diém giao thoa cuc tiéu vao
thong sé cuong do6 laser. Hinh 3 thé hién két qua cho cac cuong do6 2x10% W/cm?,
3x10% W/cm? va 4x10" W/cm?. Véi cuong dé laser cao hon, diém giao thoa cuc tiéu
hau nhu khéng xuat hién trong phd HHG. Nguyén nhan 1a do khi cudng do laser turong
tac cang 16n, hai hat nhan phan li cang nhanh, nén vi pham diéu kién can cua mé hinh
giao thoa hai tdm. Ching toi nhan thay, khi hat nhan dung yén, véi géc dinh phuong
bang 30° vi tri diém giao thoa cuc tiéu 1a 33 (hinh 3a) va khdng phu thudc vao cudng
d0 laser. Didu nay d4 dwoc chirng minh trudc do trong cong trinh [3,4]. Tuong tu, khi
hat nhan dao dong voi v=1, bac HHG tai diém cyc tiéu 1 31 khi goc dinh phuong 1a
50° (hinh 3b). Con khi hat nhan dao dong véi v =2, vi tri giao thoa khi cuong do laser
bang 2x10* W/cm? 1a bac 28, con khi cuong do laser bang 3x10* W/cm? bac HHG tai
diém cyc tiéu 1a 26. Nhu vay, vi tri diém giao thoa cuc tiéu hau nhu khong thay doi khi
thay d6i thdng s6 cudong do laser. Két qua khao sat véi laser c6 d6 dai xung khéc nhau
ciing cho két qua tuong tu.
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Hinh 3. Phé HHG cua phan tir H] khi twong tac véi lasercod bucc song 800 nm, dé dai
xung 27 fs va cuong do khdc nhau. Xét cac truong hop: hat nhan phan tu dung yén (a);

dao dong voi v=1 (b) va vdi v=2 (c)

Mot trong nhimg phuong phap nhan biét vi tri diém giao thoa cuc tiéu 1a do pha
cua HHG. Chung t6i khao sat pha HHG khi thay d6i goc dinh phuong trng véi mot bac
HHG cu thé cho trudng hop hat nhan ding yén va khi hat nhan dao dong.
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Hinh 4. Sy phu thugc cia pha HHG vao goc dinh phuong cho bdc 45
khi hat nhan phan tu diing yén, va bdc 23 khi hat nhan phéan ti: dao dong véi v =1.
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Két qua xét rieng cho bac 45 khi hat nhan phan tir dung yén, va bac 23 khi hat
nhan phan tir dao dong véi v =1 dugc minh hoa trén hinh 4. Ching tdi nhan thay khi
thay ddi goc dinh phuong, pha cia HHG thay dbi khong nhiéu, tuy nhién, tai“gdc toi
han” @ = 40° pha cia HHG dot ngot thay d6i mot goc bang 7. Mat khéc, khi goc dinh
phuong bang 40°, bac HHG xay ra hién tuong giao thoa khi hat nhan dang yén la 45,
con khi hat nhan dao dong véi v =1 1a 23 (hinh 2a). Két qua khao séat pha cua HHG
cho céc bac HHG xay ra hién twong giao thoa cuc tiéu khac cho két qua tuong tw. Nhu
vay, Vi mot bac HHG cu thé, pha caa HHG s& nhay pha mot goc xap xi bang 7 radian
khi di qua mot “gdc toi han”. Tinh chat nay khéng chi dung cho truong hop hat nhan
ding yén, ma con pho quat cho truong hop hat nhan dao dong.

4.  Kétluan

Bang phwong phap giai sé TDSE, ching t6i d4 tinh toan cuong d6 phé HHG phu
thugc vao bac HHG cua ion phan tr H, khi hat nhan dang yén va khi hat nhan dao
dong véi cac trang thai khac nhau nham khao sat vi tri diém giao thoa cuc tiéu. Khi
tang dan goc dinh phuong cua phén ti, vi tri diém giao thoa cuc tiéu cang dich vé phia
bén phai cua mién phang. Khi hat nhan dao dong cang manh mé, vi tri diém giao thoa
cuc tiéu cang giam. Mat khéc, véi mot bac HHG cu thé, pha cia HHG s& nhay pha mot
goc xap xi bang 7 radian khi di qua mot “goc téi han”. Két qua nay khong chi dung
trong treong hop hat nhan ¢ dinh, ma con dugc khang dinh khi hat nhan dao dong.

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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