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Opto-electron spectrum from interaction of two-frequency

laser with atoms

Qu Weinving, Xu Zhizhan
{Bhanghai Instiute of Optics and ¥Fine Mechanics, Academia SBinica, Bhanghai)

Abstract: A simple model of interaction of two-frequency laser with atoms is presented in
this paper. The optoeleciron spectrum produced in this model is calculated and the structiure
of photo-electron peaks are analysed.

Key words: photoelectron, photoelectron spectrum, two-frequency laser field

it

—. 5l

TEROEG H R R T M7 R E R — ERABNE RO RS, MERRBERNT I & R,
WARA RO IR RS, FEESD ERBERP R TEESR M B E TR
— R REARE— R EERE T, A0 IET 5B 5 008 G/ERETETR R
MAR—FELNE, AMNERTEENERE, RETHFSRETSRECEHHEERK
BB HEBT R R TR T RIT . H0 Duldie™ 2y E L Ea B (AT 9
BNy ATT UG iy [T I S AR R A SR B0 5 EIRH 51 R #9; Knight™ 7% AR
M ERRT HFHEETHER; Deng™ R i1 T T B4 LA (WAR) BT HE
ML TR ATI IR ¥4T TEB 441 Bialynicka-Birula®™ %f #2065 0 £ % F i 8
B T — MR KR, ERXERBTIRANALAREE SR FHOMEEER, MR
PGSR FRALERRXELR S L,

FICHEH—F B E S RA AR LE(MEDS) MR T M EEREY, 34

WOAR E L 199043 A 13 H,




11 BBBOEE R FHEERT LN E TR 47

HRAHER XN ETHRE S TRRARATTHR, HRTER B TEHRNEE |
XA URRETHRE R E B T W2 m, BN v T e 52 B B 770 s 107 I 3
BB ME LW ERREAT, FEEETERRE SN GER, WELtRELT,
b TR R R DR R, R BRI T, Ot v T4 By UM 45 1y A2 Dy S MG 45

- ol iUl

BT AAEE| O RARKEE | OTARAE K O MG REM & HKH
mmmﬁwmm&wmﬁtﬁ U, 3 A% :
S8 | B> m=1,2,3, - GHAEMELAS R LA (W . b
B 1PiR). RTFHREmR — 1
H = Hy+V cos Qi+ Deos wit, (1) I LB
ﬁq:’ H, i’s‘lﬁ?&‘]ﬂi?ﬂi %ﬁﬂ V=P AD/G Gl D= wmim__wim;gﬁﬁ‘

P-AOSABAGHAERQ MEAEH(BAEN o)
EEFHBEHEEAR, BTH—8AIWT % H M

PEADEATIRIF
U9 =0,y(8) | +0s8) |ay+ 2 On(®) |aBPIB, (@) -
Ho || ad)RBEFHRSALLE R, |oB> m=1, 2, ) Fig. 1 Energy level scheme

HEFHEEERES, BQARAECITHE of the atom
i o[> =H s 3
P RFITHARREWARA.
iC, (8) = Fy0, (£) +2V 5,008 Q10,(%); (4a)
iCy 1) =B ,04(1) +2V 4,0080240, () +2D,, 1008 10, (1) 3E; (4b)
§0s (£) = BO, (£) +2Dy. 4008 ms+2J'DJ, 2008 wiCs () 4 (4o

0, (8) = EOn () + 2'[13,,,, 10080580 1 (1) 3 H
+zj1}m_m+1@os 10 ez 8) A (4d)

SR IERETY so—s<0|V |0, Dos= 2<a| DI, D mas=5<nB | Dl masByo BTFULE:

O, i) =0,exp{—1E,t}; ' (5a)
Oa(t =0 exp{—i H,+Q)i}; (5b)
Op(t =Cpexp{—i(B,+Q+mw)t}, (m=1, 2, ) (50)

HEEEBNPBNELES, BERT Do BESSERRAZELT UGRE, #06) XA/

(4) &, EE BRI T AR 3
C,= —iV,.0u (6a)



48 R B # b7 R

Co= —id,05— iV 30, —1.D4,1 K 5 (6b)
Cy= — 34303 — 3Dy, o0y — Dy, oK o; (60)
(jm= —-ri,d,,,O‘m— ’iDm_m_zam—l_’irDm.m+1O‘m+1o (ﬁd)
Htp 4,=E,—B,—Q; 4p=HE—-H,—Q—mw(m=1, 2, )
K,,,.=jomm (m=1, 2, --) 0,

%t (7) RBEAT Laplace A3, FK 25 He 3 75 h FEB% L (P +44,), Fixt B 84y, B8%T C,.C,
Pt Km(m=1: 2, "')E{Ir]:fljfﬁﬁ[_

PO ,+iV,,Ca=0,00); (8a)
(P+idy) 0otV ey y= —iDy 1 K1 +0,(0); (8b)
E:':“’Z:G'Dj_aﬁa“éﬁ'ﬂiigfg; (80)
R = '_‘i'G'Dm mL'.I.Km_l_’ifﬂdDm m+1-gm+1s (m=2: 31 "") (Sd)
Jf o= [ il BORTUME TFARR ™
K. _ —'z,c_rDm.m_l_
Em_,:l. 1+ o jll.gzﬂ,m-l-ﬂz - if-'r;-?=2' 3 ...) (9)
1+G | Yt mea|” ! o b
1-+-
EBERANEESZ BB ESHME, ) Do, nea=D, W 9) T L& K
K./Kn1=F/ icD) (10)
;ﬂ:qj L7l
P~ (VITED -1)/2,
14— =
5 (11)
149" ‘D
1+
B (82) F1(BD) R AT it Car FEARN(B0) 2R, FFI B X R (10), 7] BLEL 5 4 13
—‘Q-U'DJ G(PU (0 — 4V, U (0))
Bi=7777p Prid A Vol 1+eP Dale (12)
p1¢60)F1(6d):X ) Laplace 2845, 31 (10) Fn (A1) X AR, iR
On= @:TD )m_ P%e{ji ° (m=1,2,3, ) (13)
EREEEBHELT, SELSWILEE R &
0, (t—>00) = Lll]ild (P+id,,)C . (14)
¥ (13) RN, BE RS
On(o0)=(F/ic D)™ K (—id, /o, (m=1, 2, +) (15)

=, HEERNHE

3.1 EMABFHRNBEXR
i (15) SRATE i, & Brekii A Ko (—idn) R AL, 3H Bi(—ida) Kl 5



134 PIRBIC S FHE R 4000 BTl 49

m TR (REERITE), Bl & s a g LREZ Y

[Omio0) |/ |Om-1'o0) |*=F*/c°D", (16)
BT FhoDWRHEERY HA

lim F=g"D?% lim F=c¢D, (1'7)

D0 oh—sco

Br Lk F*/a”D'<1, B iy v o0 380 BT e e 0 9 50 38 750 7 486 1 336 08 (IR 1~3),

3.2 SHx B FHNLENY

ATFETIE, THA) XX R TIER
(F/icD)™"1 Dy, 4,0,00) 4V ,,0,(0))
G oo = 1a ma go-'g
l'l( ) 1+F' (Am_tj-l-_?}}’-l-) (Am-"d__'ir?_)u (18)
HH
1 1, . 1
.di=§ 4,4 pcosd Ve= 5 —v./2+psind);
p=[4+4|Vop| —vi/4) +diyi]1V t (19)
Taﬂzﬂ'lDlalgf,(l'I'F)i
t20 = (— dyye)/ (L2-+4| V| —2/4)
da=-0.
0.5k d.-—_-—n.z 0.5k Vgg~{}.%2
- Vag=0.5 - | Dial #=0,125
= | Dial 2=0.125 “ D=0.5
k D=0.5 = o=r€
& o= é
— &
L kj\ A_/\ - g /\JI\
0 5 10 E-E;-Q 0 5 W0E—E, -
Fig. 2 Calculated result of photoelectron Fig. 3 Calculated result of photeelectron
spectrum in nonresonant case (4,>0) spectrum in nonresonant case (4,>0)
Initial condition: G, (0) =1, 0, (0) =0 Initial condition: C,(0) =1, C,(0) =0
| Ci(e0)] 2
0.5 da=0 _ 0.5F
i FB'TE"s 44=0.4
Té: D;a{)g-u.lzs
- o=z '
M )
I\ ~
/ -/
L M AA L / ~ N—/\_
[ U g-g,-g ~1.0 1.0
Hu (BV)

Fig. 4 Caloulated result of photoelectron
spectrum in resonant case (de=0)
Initial condition: Cp(0) =1, C5(0) =0

Fig. 5 Comparison between the first—order
photoelectron spectra with different values

Initial condition: Cp(0) m1,C,(0) =~0. Other
parameters are the same as those in Fig. 3
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Fig.3 Recording geometry of the second method Fig.4 Experimental results
(a) object; (b) optical differentiation
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