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Quang phi tuyén

CHUONG 13

QUANG PHI TUYEN TRUONG
CUONG PO CAO VA XUNG NHANH

13.1. Giéi thiéu

Hién tai ngudi ta c6 sy quan tdm Ién dén vat ly caa cac xung laser siéu
ngan. Nhirng tién bo gan day di tao ra cac xung laser véi khoang thoi gian vao
bac 1 atto gidy. Cac xung lasersiéu ngin c6 thé dugc dung dé do duoc tinh chat
cuia vat chat ¢ thang thoi gian cuc ky ngan. Trong pham vi ctia quang phi tuyén,
cac xung laser siéu ngin dugc quan tam bai 2 ly do riéng biét. Ly do thir nhat 1a
ban chit cua cac tuong tac quang phi tuyén thudng duoc bién ddi mét cach sau
sac qua viéc sir dung cac xung laser siéu ngan. Phan tha hai tiép theo cua
chuong nay sé& xét cac khia canh khac nhau cua sy diéu chinh ban chat cua céc
tuong tac quang phi tuyén. Ly do thir hai 1a céc xung laser siéu ngan c6 khuynh
huéng ¢ cac cuong do peak (dinh) rat 1a cao bai vi ning luong xung laser c6
khuynh hudng dugc thiét 1ap boi kha ning luwu trit ning lwong cia moi trudng
do loi laser, va vi vay cac xung laser ngin c6 khuynh huéng c6 cong suat peak
cao hon nhiéu so v&i cac xung dai. Nita phan thir hai ciia chuong nay duoc
gianh dé kham phé céc loai qua trinh quang phi tuyén cua hé duoc kich thich

boi cac truong laser cudong do rat cao.

13.2. Phuong trinh lan truyén xung siéu ngan.
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Hinh 13.3.1 Su tw 1am déc va sw tao séng song xung kich quang hoc.
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(b) Sau khi lan truyén qua méi trwong phi tuyén, xung thé hién suw tu lam
doc, dac trung boi swon sau.

(¢) Néu sw tw lam ddc trd nén di ro rang dé cwong do thay déi mot cach tic

thoi, song xung kich quang hoc dwoc hinh thanh.
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Quang phi tuyén
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H=H,+ V@), (13.4.4)
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13.5. Chuyén d§ng ciia electron trong truong

laser

EIECIFOm oG]
mi = —eE(t) or mi=—eEe ' +cc., (13.5.1) |
SERYGE (NAIALE 1)
(1) = xe ' 4 c.c. (13.5.2) |
EaET
x =eE/mw?. (13.5.3)
—

=

() = (—iwx)e'™ +c.c., (13.5.4)
I
PEIVIN
e*E? ezEécak
K = T AT (13.5.5)
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Quang phi tuyén

I
INETITER (S TS TR VST /W E WL AT (TS TO ] Tl |6 AT A O EWE Tl S S RS 41
q q
AGHENKSbIE 66 NARENIe NGINAYICoNNE) dangkemXeTmoTVing il s ng)
A 4 I A
[ESSTICoIbUGEISONg)| 1R06 : M MEANGTinmNToamS 5l [Emic It v nEmangug nol
\ 4 A 4
T B0 mOnios ) ISEnen:| 6vel I=ITT oang a2 KeVadpinval
A 4
=11, FiEoRPhroHEnnE IS vannnang  ct=IKeY @51 W6N
]

= eall

= IE”E —iwt —iwi
mZ=|[({——|e + c.c. |[Be + c.c.]. (13.5.6)
maw

(V&) NG e p G iy baons B PICACISE] aFg) & mSe]pa nEKhonGvE)
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X = ;Ccosn y=20 7= %;—C sin 2n, (13.5.7)
) iEx|
n=w(—z/c), (13.5.8a)
B =eEy/y w, (13.5.8b)
y? =m’c® + e Ej[20°. (13.5.8¢)

(a) s (b)

D,
K g

Hinh 13.5.1 Su chuyén ddng ciia electron tu do trong: (a) truong
laser phan cuc tuyén tinh va (b) truong phan cuc tron; chu y
rang doi véi anh sang phan cuc tuyen tinh nam trong mat phing
xz con anh sang phan cue tron ndm trong mat phang Xy.

I ElECronNChuYE g RzNromide INTong e EaudnaNironNcoRbanuKinm]
ECEQ | " ICHUYE B namay oo CImoNADs P Ao SRl
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X = E COS wt, y = —ﬁﬁ SIn wt , z=0, (13.5.9)
0] w
DIiEY // [ o g ) AT

4 /4 Y 7 \ I

K e’ E?
2 _ _
@t == (13.5.10)
|
(SETNIEN SR S s VI (A
, 2 IrgA?
at=——", (13.5.11)

DdEy P=ESE EbanKinhc felecroncoden] - 2zH - Ebw6El
]
]
EONGrONCNCREKHABE | Iserval I [5cu neo| [ESermy
, . ) , .
DEhiacuaInams Sk 8 0 Dongcheaphnirongdsiini &' 1 mond
, , . , ,

eIl monEaotnmya &' 0 DachedosEnionsao ]
I I
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13.6. Su tao hai bac cao
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Hoic Ldi don nguyén tur

-

L6i don nguyén tir

i

End
r l |«— Niia chu ky quang hoe =7 /@

J\J\JLAJ&J\J\

(c)

S(w)
|<— Hai lan tan s6 laser = 2wy

J\J\J\JLJ\J\AA\:

Amax®@L

Hinh 13.6.1 Quy dao ciia m{gt electron ion hoa tirc thoi. Electron trai qua truong
laser cuong do cao, va vi thé n6 dao dong tai tan so @ - No phat ra burc xa xung
ngin khi mdi lan né di qua gin 16i nguyén tir. Birc xa tir thu gom nhing electron
nhu viy tao nén dang dwgc md ta trong hinh (b). Pho ciia birc xa phat ra dugc xac
dinh boi binh phuong ciia chudi xung bién ddi Fourier, va do d6 c6 dang nhu ¢
hinh (c¢).
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TR A

Qmaxhw=3.17K+1P. (1361)I

I
T 1
L
I 3.17 in ning lwong bién
T dong cua electron
| %
| S A .
Pién thé ion hoa cia
I T > nguyén tir
I v
I -/

Hinh 13.6.2 Biéu d6 thé hién hé thitc thue nghiém hAwgmax =3.17K+ Ip . Hé 56
3.17 1a m{t hé qua cua sy phan tich chi tiét cua dong lyc hoc mét electron twong
tac dong thoi véi treomg laser ngoai va 16i don nguyén tw .
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Bic song hai

Hinh 13.6.3 Sé li¢u thi nghiém ciia Ferray va cac cong su (1988) minh

hoa sy tao song hai bac cao.
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13.7. Quang phi tuyén ciia plasma va quang phi

tuyén ciia twong doi tinh.
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) = oG oeehobGl
I 22
| (W) = ———. (13.7.2)
FrLoo=
Do P Eles o Cho o EonEEE]|
47 N e*
e =1+ 4nNa(w) — (13.7.3)
i I
NSO b ConE ]|
I w? 477 N ¢?
e=1 " where @l=- - (13.7.4)

e*/m
) = 1" (13.7.5)
wy — w? = 2wy
DG MK CORERTGNCa0] -+ << « . GEmaen]
I 2
I Hbound =— 3 - (1 3?6)
mwu

ChilyifngaoIphanicyelcualeleciomaomEugeIdauvaNaoi Vo Nira ol
FCENGREGEL -+ < . JiihonnEeudoloncuaaophameTcelccronlieaken
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L. = 2mc?/re (13.7.7)
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(13.7.8)

—
tJ

nt=1-— —L (13.7.9)

, , , I
1 e*E}
y=l+5—-l=14x, 137.11)
R I
w2 2
2 P p _
n w2(1+l’) wz( x)
(13.7.12)
wE
= Hé + —%x
@ |
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n~ny+— —= x=ng+nl. (13.7.13)
2”[; w= I
Dal I=INE; Chins o thethayang|
Zmape” (13.7.14) !
iy = . o
? ngm?c3e?

_
—
9 )l , ) I

2 2
"= "(mp) [ 5 ] (13.7.15)
2rng \ @ (me2)/(rp/c) |

“
, -‘_

mc? (0.5 x 10%)(1.6 x 1071) .
- = =9, W. (137,
(ro/c) (2.6 x 107153 x 108) 9.2x 10 (13.7 16)I

I . -1

1 2/ 10712 1 2 m?
2= 1(%) Q)= 1(@) I.IXIU_J—
2rng\ @ / \9.2 x 10 2n} \ W

(13.7.17)
l Wp : 2 sz
= (—’) 1.1x 1072 =

2:1’:15 W

P rel
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(13.7.18)

T mcz ‘ w . w .
P = ;”{Jﬂ‘(—) (—) = 67(——) GW. (13.7.19)
4 e wp wp

2 2
4 wp ro/c
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| i B mc? 1381
| QED = o (13.8.1)
I h
Itc - .
| mc

/4 AY /4 2 4 4

N
N
~
8
R
‘ ‘

Egep = 1.32 x 10'° V/iem = 4.4 x 10" statvolt/em.  (13.8.2) !

Cid B0 ChiasonEmabicnaoiuo g MG HANoDEng] - ; . [Edewd|

Igrn = %Eéw = 4 x 10% W/em?. (13.8.3)
|
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Eachig fEdighdsnoitcInocaEeNaNiE phiNiuyE Mdaduociticmdoanian Vel
EaCIERoTgIdo) FrenOnhG] ioTnlhESoVel - .  NENlcTvaIKocke NP3 daachil
FarEngcoNme S | phiuyEmbenitrong cliachamkhongdie n HaEdsmecac
[EhsordigmmonphuthuseEoNrFanaIcodandl

e*h

€ix = 8ix + ————[2(E* — B®)8; + 7B; By]. (13.8.4)
45T mc’ I

CTESATENANSG] ERaN  * — /; * DI AEe I CAEISOnND I i Ak Fong]
ChamKNGROIGE VI EEe) |- | = - | D] g mmon EneVe ICACICAUIASEr
SOnuIBIE AENEdeds|

7e*h
] — 31' BfB L] 13.8.5
€ik =ik + o7 BiBx ( )
CONhE G CIIEudIE A
7 e* B;B
€r = ip + —— o 1k (13.8.6)

457 he Edgy,
BT e Gt ME Ay oA Yra e Sy f&p] EnaIp AT Ve e FachamKiona)
N, = £l
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1705050017 ) Y ) e Bl (T WA G i SO S|
1563 i ] oAV mieras) AU uanaiocIp RiNuyEMKNECEG Vil
D = €E = E + 4nP NN 0" = 47P""| I
IENS i A A P o RIS 86 ) valbay Eic| CRUngREChi FaImpicachinG il
(R T [ G e TRV o ST =SS DTS |

2 B2
T e Bt O (13.8.7)
45m he EQED I
BEINI/ - /> IChingiamauocl
7 € 1
¥® = . ‘. — = 1.44 x 10732 esu. (13.8.8)
18072 hic E2 |

I N N ¢ = 1.9 x 1072 esu.| I I
EESUAnRAYE Maueeenomwel . (12 /), [EEEh

ny, = 5.6 x 107 cm®/W. (13.8.9) |
IEGCIaayICHm EIta e yutron s o neie L e H Ranmme Ao CXuaE]
i ] K E e Co NG S UAT il as v [ AN COng STt I e Ve IS
8] Tl

- . (13.8.10)
8ngn I
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Chiing 8 finy auoo]

P, =44 x 10* W, (13.3.11)I
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