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The dynamical Lie algebraic method has been applied to treat the V-V and T-V energy
transfers in the collinear scattering system AB + CD. The expression for the vibrationa
transition probability, which contains the main dynamical parameters, is given analytically.
By using this expression we probe into the V-V resonance and T-V resonance phenomena
appearing in the process of energy transfer. We find that the transition probability of V-V
resonance is in good agreement with that obtained using the resonant exchange hypothesis.
Then the reliability of the resonant exchange hypothesis is confirmed.

1. Introduction

The dynamical Lie algebraic method developed by Alhassid and Levine has
successfully been used to describe the topics of gas—surface scattering [2,4] and energy
transfer in the collinear scattering system AB + BC [3]. Comparing with the usual
perturbation theory, its advantage lies in the fact that the expression for the transition
probability that contains the main dynamical parameters may be given analytically
without being limited by the perturbation condition [2—4].

In our dedling with energy transfer, however, we treat the trandational motion
classically. This is the so-called semiclassical energy transfer theory [3,7]. In this
paper, we will generalize the dynamical Lie algebraic method to the collinear collision
of the AB+CD scattering system, in which the trandational motion is aso treated quan-
tum mechanically, i.e., a purely quantum mechanical energy transfer theory [7]. It is
obvious that the quantization of the trandational motion may result in increasing of the
dimension of the dynamical Lie algebra. In this way, the dimension of the dynamical
Lie algebra of the system AB + CD increases from 15 (semiclassical treating) to 28
(pure quantum treating).

The interaction potential energy function of the system AB + CD is still the
exponential type potential presented by Rapp and Golden [7]. Due to the existence of
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vibration—randation and vibration—vibration couplings, there are T-V and V-V energy
transfers in the system AB + CD.

On the basis of the method mentioned above we obtain the analytical expres-
sion for the transition probabilities containing the main dynamical parameters of the
collinear system AB + CD. As an application we investigate the T-V resonance and
V-V resonance appearing in the process of T-V and V-V energy transfer, respectively.
The expression of the V=V resonant transition probability displays good agreement
with that obtained by Rapp and Golden’s resonant exchange hypothesis. This confirms
the reiability of resonant exchange hypothesis.

This paper is organised as follows. In section 2 the Hamiltonian of the scattering
system AB -+ CD is described, in section 3 we present the evolution operator and
transition probability. The results are discussed in section 4.

2. Hamiltonian of the scattering system AB + CD

According to scattering theory [7], the Hamiltonian operator of the collinear
scattering system AB + CD can be expressed in the form

H:HI+H1+H2+V(~%'11Y11}/2)1 (l)
1
2M
Hj =5, 05 5hiiY (=12 3
V(z, Y, Yo) = A'e %/ LegnY/LgnYa/L 4)

where H, denotes the relative trandlation energy operator between AB and CD. z isthe
coordinate between the center of mass of AB, (G1, and that of CD, G, (see figure 1),

P 1S the momentum operator corresponding to z, M= (ma +mg)(mc+mp)/(ma +
mp + mc + mp). Hy and H, represent vibrational energy operators of AB and CD,
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Figure 1. Coordinates for the collinear scattering system AB + CD.
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respectively. w; and w, are vibrational angular frequencies of AB and CD respectlvely,
p1 = mams/(ma + ma), p2 = mcmp/(mc +mp). Y1 = y1 — 4 and Y, =
y2— & stand for vibrational coordinates of AB and CD, respectively, 3{? and y{ are
the correspondl ng equilibrium vibrational coordinates. p; (j = 1,2) are momentum
operators corresponding to Y;. V(x,Y1,Y>) denotes the interaction potential of AB
and CD. A”, L are potential parameters (A" = Eo, Eo = M3, vo is the initial
trandational velocity) [7], v1 = ma/(ma + mg), v2 = mp/(mc + mp).

In order to adopt the dynamical Lie algebraic method effectively, we need to
make some approximations to the potential function V(z,Y1,Y>) [1,3]. By using
Taylor expansion we expand the potential V' with respect to variables x, Y7 and Y. It
is necessary to consider at least terms of the second order in the expansion so that the
couplings among z, Y1 and Y, emerge and result in the effect of T-V and V-V energy
transfer. Thus we obtain

1 1
V(z, Ya, V) :A"{Ex + i+ By a4 —Yl

L L 2172 2172
Y172
+ﬂy2_ﬁ Y1 — L2Y+L2YY} (5)

In deriving equation (5) we have neglected those parameter terms (terms containing
no coordinate operators) which make no contribution to the dynamics. As for the
dynamical Lie agebraic method, it is convenient to use the particle number picture.
So we introduce the following transformation formulas:

A
= bt +b),
v 27T\/§( * )
2mh
T — b b ’
b A\/é( )
B\ 12
_ +
b <2ujwj> (e + ).
hpjw; 12 n )

where )\ isthe de Broglie wave length corresponding to p,.; b™, b are creation operators
and annihilation operators corresponding to z, p; a;L, a are those corresponding to
Y;, P;. By using the commutation relation [z, p,] = ih, [Y;, P;] = ik and equation (6)
we have

[aj 0] =6k Gk =1,2),

[b,6+] =1. ¥
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a;r, a;j and b*, b commute each other. Equation (7) is the basic relations used to
seek the dynamical Lie algebra of the scattering system. It follows by substituting
equation (6) into equations (1)—5), respectively, and using equation (7) that

H=HO 4 v, )
HO = Hy + Hy + Hy, )
1 (2rh
4 2M< A ) 1o
1\ .
Hy=;(afo +3) (=12, (1)

2
Vs = 81(11 + so2a1 + Sgal ay + 54(11 + 55(11 + 56a2 + s7ao + Sgaz asz + Sga;—

+ Sloaz + 51107 4 5120 + 51367 b + 514672 + 5150% + 81607 ag + s17a102

+ 518a1 as + 819a1a2 + s20a, ot + so1a1b + S22a4 b+ spzarb’ + 824a+b+

+ s25a2b + speaz b + sprazb?, (12)

in which H© is the free Hamiltonian of the system. H; denotes translational energy
operators between molecules, H; are vibrational energy operators of molecules. V is
the interaction Hamiltonian between molecules. Seeing that we are free to divide the
free Hamiltonian from the total Hamiltonian, we divide again the free Hamiltonian
represented by equation (1) and the interaction Hamiltonian. The expressions of dy-
namical parameters s; (I =1,2,...,27) are listed in table 1.

Table 1
The expressions for dynamical parameters.
_ "y h 1/2 _ " "
51 =82 = A (2/,1.14;.)1) 84 = 85 = A 4L2[J. w1 =A ZLZMIWI
_ "y B \1/2 _ ” h ”
86 = =A (2/,1.24,.)2) » 89 =810 =A 4L2;L wy =A 2L2u2w2
_ AN _ VDY 7_2#52 VAP
su=sp=—-A —27TL\/" s =s15 = A" 257 — =(5) = A" 55,
" 1 2
s16 = 517 = s18 = s19 = A 7172(MM“,WZ) /
" A 1/2
S20 = S21 = S = S;3 = —A 277112\/5(2#1“11) /
" A h 1/2
Soa = S5 = Sop = So7 = —A 2n122¢§(2u2w2) /

jwit * iwqt
v1 = 5161, vy = 07, v4 = 54621, Vs = ¥, v3 = 53,
iwot * iwot *
ve = 868“2", v7 = Vg, vo = 50672, V10 = 1§, v = ss,

iEt/h
vy = sud?/

" iEt/h *

, U2 = Uiy, va = 5148 PP s = vy, vis = s1s,
i(w14w)t * (w1 —w))t *

vie = s168@1TDE 1y = V1, V18 = s1g€@1792t g9 = V1g,

i(hwr+E)t/h i(hwr— E)t/h
V20 = s208MIFEN/ R 0 — w3, vap = spp€ 1= BN/ R

i(hwa+E)t /h

V23 = 53, V2a = vaa€PCFEN/R gpr — g3
i(hw—E)t/h 1 2nhy2

vag = 526" TINR yy = 536, B = E(%) :
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To seek the dynamical Lie algebra of the system one needs to transform V; into
the interaction picture

VI(t)—exp{ H(O)t}v exp{ hH(o)t}

= vlal + Uzal + U3a1 ay + v4a1 24 U5CL1 + U6a2 + v7a2 + Usagaz
+ vgaz? + v10a3 + v12bT 4 vi2b + v13b T b 4 v1gbT? + visb? + vieaj ag
+ viza1az + vigag az + vigaiag + vyoai b + vararb + vapa b + vagarh™
+ vo4a, T0T + vosazb + V260 Ib+ voranb™. (13)

The expressions of dynamical parameters v; (I = 1,2,...,27) are listed in table 1.
Subscript I stands for interaction picture. Under the commutation relations presented
by table 2 the operators on the right-hand side of equation (13) are closed, so they
form a 28-dimensional dynamical Lie algebra h?®, the agebra elements are: 1, af,
a1, afal, a1+2, a%, a;, as, aza;, a2 , az, bJr b, bTb, b+2, b2, al a2, a1a2, afaz,
aray, ajbt, aib, afb, arbt, afb*, azb, af, axb* (here the order of the algebra
elements has been preordained).

Table 2
The commutation relations for the dynamical Lie algebra h®®. Other commutation relations can be
obtained by taking the adjoint of those listed in this table.

[aj, +] =1, [a ajg,a +] = a [a aj] = 2a;, [afaj,afz] = Zafz,

[aj,aj”] = 2+4a].+a] (G=1,2),[b",b] =1, [bTh,bT] =b", [V?,bT] = 20,

[6Fb,b72] = 2bT2, [b2 bt?] = 24 4b*o, [araz,ai af] = 14 af a1+ af az, [af az,afaf] = al ,
laras, afaf] = a2 s [af a2, a10f] = af a1 — af az, [a+b a+b+] =1+ a a; +bTh,

[a;rb, a;.err] = a;.rz, [ajb+,a;rb+] =b+2 [a+b a;bT] = a a; —btb (j =1,2),

[araz, a5 bT] = azb™, [a1al,afbT] = af bT, [a]b,af b] = af af,

[aib, af bT] = asaf, [a1az2, a5 b] = aab™, [aF az,af bT] = af b,
[alag,afb] = ayb, [ala;r, 7Lb] =a, T, [a1b, azbt ] = a1az,

[al b, a2b+] = al az, [alag,a2 b] = aib, [al az,a b] = al

la,ai af] = af, [a1, a7 a2] = az, [a] a1,ai af] = afa;r,

[a a1, af az] = af az, [al,a1 1 = 2a1af, [al,al az] = 2a1az,
laz,ai af] = af, [a2, a1a5] = a1, [af az,a af] = af af,

[af a2, a10]] = a1a], [az,al 1= 2a] ay, [az,alaz] = 2a1az,
[aj,aijr] =0T, [aj,a;rb] =1, [aj aj,afb’k] =aj bt

[a?,a}bJr] = 2a;b", [a?,a}b] = 2a;b, [b, a}bJr] = a , [b,a;6™] = aj,
[b7b,af o] = afb™, [b7b,a;67] = a;b™, [V, a]bT] = 2a}b,

[, a;bT] = 2a;b (j = 1, 2).
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3. Evolution operators and transition probability

In the light of the dynamical Lie algebra theory, the evolution operators of the
system can be expressed as [1]

Ut to) =€", (14)
.27
|
T=— ;:O: wi(t, to) H®, (15)

where H®*) denote the algebra elements (according to the preordained order). wy(t, to)
are group parameters, they are determined by the following equation (under the first
order approximation of the group parameters) [1]:

0 1
8tu {I 2d(T)}v, (16)
Table 3
Matrix elements iAd;y.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0(0 w2 —uj 0 2us  2ug uz  —uj 0 2uwp —2uj; uz -—up 0 2us
110 wus —2us —u1 2up 0 U —uUjy 0 0 0 U2  —Ux 0 0
2|0 2us —u3 up 0 —2u; wwr —ujpg 0 0 0 Uz —Up 0 0
3|0 0 0 0 dus —dui O 0 0 0 0 0 0 0 0
40 0 0 —2us 2us 0 0 0 0 0 0 0 0 0 0
5(0 0 0 2us 0 —2u; O 0 0 0 0 0 0 0 0
60 ue —ujy 0 0 0 ug —2ujy —us 2uy 0 Uz —Ujs 0 0
7(0 uiz —ujy O 0 0 2up —u; w7 0 —2uj wuxs —uxy 0 0
8(0 O 0 0 0 0 0 0 0 dup —4dujp; O 0 0 0
9(0 O 0 0 0 0 0 0 —2ug 2usg 0 0 0 0 0

10({0 O 0 0 0 0 0 0 2up 0 —2u; O 0 0 0
11{0 wps —wuy O 0 0 Uz —Us 0 0 0 uz —2ujls —u  2u12
1210 un —wu3g 0 0 0 Uz  —Uyy 0 0 0 2uis —ujz U3 0
13/0 O 0 0 0 0 0 0 0 0 0 0 0 0 duss
14(0 O 0 0 0 0 0 0 0 0 0 0 0  —2uws 2uis
15(0 O 0 0 0 0 0 0 0 0 0 0 0 2uis 0
16(0 O 0 —wuw 2ue O 0 0 —wuw 2u;g O 0 0 0 0
17({0 O 0 uz 0 —2ujy O 0 uir 0 —2ujy O 0 0 0
18(0 O 0 —wis 2uz O 0 0 ug 0 —2ul; O 0 0 0
19(0 0 0 —wuwe 0 —-2uj; O 0 ug 2uz O 0 0 0 0
2000 O 0 —wuxo 2uxs O 0 0 0 0 0 0 0 —uz0  2u
21/0 O 0 un 0 —2u3 O 0 0 0 0 0 0 u2 0
22/0 0 0 —ux 2un O 0 0 0 0 0 0 0 U 0
23/0 0 0 ug 0 —2u3 O 0 0 0 0 0 0 —up3 2ux
2410 0 0 0 0 0 0 0 —wum 2u;y O 0 0 —uza  2ue
250 0 0 0 0 0 0 0 us 0 —2uy; O 0 Uzs 0
26(0 0 0 0 0 0 0 0 —wuzp 2uxs O 0 0 U26 0
2710 0 0 0 0 0 0 0 uz 0 —2u3x O 0 —upr  2ups
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in which column vectors u and v are

uo
Ul

Uuz7

V27

227

| is a 28 x 28 identity matrix. The 28 x 28 matrix d(71") can be determined by the
following operators equation [1]:

27
[T, H®] = "day(@HY, k=012,...,27 (17)
=0
Table 3
(Continued.)
15 16 17 18 19 20 21 22 23 24 25 26 27
0| —2ujs wiz -wuyj; O 0 un  —uy 0 0 Uz —Us 0 0
1 0 u7 0 —Ug 0 U2 0 —U11 0 0 0 0 0
21 0 0 —uj 0 ug 0 —uly 0 ujy 0 0 0 0
3 0 w7 —ul; —u  Ulg un  —Uy  —U3 Uy 0 0 0 0
4 0 u18 0 —ue O u2 0 —u20 0 0 0 0 0
5| 0 0 —uj 0 Uulg 0 —Uyy 0 Uy 0 0 0 0
6 0 U 0 0 —uy 0 0 0 0 U12 0 —un 0
7] O 0 —u; w 0 0 0 0 0 0 —up 0 —ug;
8| O w7 —ul; U1l —Ulg 0 0 0 0 Us  —Upys —Ur Uy
9 0 U19 0 0 —uj7 0 0 0 0 U26 0 —Ua 0
10 O 0 —ujy wr 0 0 0 0 0 0 —uxy 0 Uy
1| 0 0 0 0 0 u2 0 0 —u; Uy 0 0 —u3
12| -2u3, O 0 0 0 0 —uj uz 0 0 —u uz 0
13| —4dujs O 0 0 0 Uzl —Uy U3 —Uy U —Uy U —Uy
14| 0 0 0 0 0 u3 0 0 —uy U7 0 0 —Us
15| -2uj3; O 0 0 0 0 —uy; U2 0 0 —uy uxs 0
16 0 t1 0 —ug —2ug —2u§ 0 —U24 0 U2 0 —U20 0
171 O 0 ta 2us  2ug 0 — U 0 U3y 0 —uy 0 Uy
18 0 2uip  —2ug ta 0 U5 0 —Uo7 0 0 —ux 0 Uu3g
19 0 2us —2uj, O ta 0 —Us 0 uy;  u2 0 —u23 0
20 0 ug7 0 —Uu24 0 t5 0 — 2u14 — 27.1,; uis 0 0 77.L91‘7
21| —2u3 O —u3; O U3y 0 te 2us  2ui, 0 —ujy uwr 0
22| —2u3  uzs 0 —U26 0 2uis  —2ug t7 0 0 —uj; u18 0
23 0 0 —Us 0 Ug 2us  —2uis 0 ts U7 0 0 —ulg
24 0 U3 0 0 —u3 U1 0 0 —ujl; tg 0 —2u1s —2ujy
25| —2u3 O —Uyy U2 0 0 —Ujg u17 0 0 t10 2uip  2ul,
26| —2u3s u21 0 0 — U3 0 —uly U19 0 2uis —2uj; tn 0
27 0 0 —uy Uz 0 U7 0 0 —ulg 2ui0 —2ujs 0 t1o
Here, ¢1 = us + ug, t2 = —u3 — ug, t3 = uz — ug, t4 = —u3 + ug, ts = uz + u13, te = —uz — uis,

t7 = ug — w13, tg = —u3 + uls, to = us + u13, t10 = —Ug — Uj3, t11 = Us — w13, t12 = —Ug + U3
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The expressions of matrix elements d;, (1) are listed in table 3. Equation (16) can be
solved with the help of the progressive approach method. Table 4 presents the results
obtained under the first order progressive approach.

In the particle number picture [1,3], the eigenstates of the particle number oper-
ators aa; (j = 1,2) and b™b are

+ny

N a] B b+m

Since the three types of particle operators commute each other, they have the common
eigenstate |n1)|nz)|m). Then we have

).

HOng)|ng)|m) = {mE + hwy (m + %) + hws <n2 + %) }|n1>|n2>|m>, (18)

in which Er = mE is the eigenvalue of the trandational energy operators,

e L(2Y
2M \ A
hwj(n; 4+ 1/2) are eigenvalues of the vibrational energy operator of molecules. The

transition matrix element (under the first order approximation of the group parameter)
of the system transiting from quantum state m, ny, np to m’,n}, n, is

lim (| (ng] (n|U (¢, t0) m2) ) )

tp— —oo

= lim (| (] (3Ot to)|m2) | ma) )

tg——te

= (m'|(n1|(na|Ute, —te)Inz)|na)m)
27

=0MmM%%I%2ﬁm&tmﬂ}MMMWM- (19)

=0

The expressions of equation (19) are listed in table 4. Here 2¢t.. isthe effective collision
time [5], that is,

lim Vi) = Jim Vi) =0,

or tg——oo or tg——te

Finally, the corresponding transiton probability is

2
Pm,nl,n2—>m’,n’l,n’2 = ‘<m,| (n'1| <TL/2|U(t€, *te)|n2> |n1> |m>| . (20)

The expressions of the group parameters u;(te., —t.) (I = 1,2,...,27) appearing in
equation (19) or (20) are given in table 4.
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Table 4
The expressions for group parameters u;(t., t.) and transition probability.

uL = 2:11 gli/wite g wlte, uz = uy, uz = 2s3te,
Uy = Z—‘iéwlte sin(wit.), us = uy,

ug = 2526 gli/2wate g wzte, u7 = ug, Uy = %‘;é‘”ztﬂ sin(wate),
U0 = Ug, ug = 2sgte,

U = %eﬁ/(zm)me sin %, U2 = Uy, u13 = 2s13te,
Ula = %e(i/h)Ete sin % us = UI4,

U = wiiliz di/Awitwalte g (w1+w2)te , w1 = uls,

g = wi81f.:2 li/2(wi—walte gip (W1= “JZ)te' u1e = ulg,

P irﬁo i/t + E)te gip Gt Bt S

ap — hihlsfz /21 —Blte g (loa=Bte o e

Upg = ih;izl gli/2m)(hwatE)te gin (EW2+E)te’ Uzs = Uy,

Ugg = hizS_ze gli/2n)(hwa—E)te g (wz— E)te’ Uz = ulg.

(m/|(naf{na|Ute, —te)|n2>n1>|m>

= (| {md) (| [——Zul(tm—te)H(“ [n2)ns) m)

=0

— i
= 6m’ 6n/ 7L16n’ my ﬁ{uoém’ 6n/ mi n Mo + uivni + 16m’ m n ,nlén’ no

+ u24/N16m7 m, 7L1,n1—15n;,nz + u3n167n’,m6n1,n16n’ 2

BN s o A S SRR Cras S
+ usv/nz + 16, mén, nlén/ npt+1 T U7/ M2007, mén, nlén/,nz,l

+ Ugngém/,mén/ i n np + w9/ (n2 + D(n2 + 26/ m 6, ,nlén;,nﬁz

+ ulo\/nz(nTémr mOn’ nlénévnz_g + unmémgmﬂénwlénz o

+ ulgx/mém/,m,lénivnlénr np + U13M6,0 mén/ n15n’ -

+ u1a/(m + D(m + 2)6,/ ,m+2(5n£,n1 nmy T u1smﬁm m— 26n/ nlén/ s
+ ulex/mém/,mén;,nﬁlén;,nﬁl + u174/n1n26 ,ména,nl_lén;,nz_l
+ w1sv/ (1 + D120’ mnt ng +16ns m, -1 + waev/ma(nz + Dbt m O/ ny 1002 mpt1
+ uzoWﬁmamﬂﬁimﬂéné,nz + U21\/m—m5m/,m715n1,n1715n£,n2
+ w22 F D6 1 =180y 18y + 02T T D 4160y 16 0
+ u24\/mém’,7n+16n1,n16n£,n2+1 + u25\/77/2—m6m’,7n—16n1,n16n£,n2—1
+ u26\/mémf,m—15n3,7L1f5n§,n2+1 + uﬂ\/mém’,m+16n1,n16n£,n2—1-

Results and discussion

() |

parameters g, u17, . . .

n the transition matrix elements (see table 4), the terms containing group
, up7 are the ones describing energy transfer. In detail, the terms
containing uis, u17, uig and uig describe the energy transfer between vibrations of
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AB and CD, while the terms containing uog, u21, ug, up3 describe the energy transfer
between the vibration and trandation of AB and the terms containing w4, us, s,
and uy7 correspond to that of CD. As an application of equation (20), we will calculate
the following two kinds of transition probabilities.

(i) Transtion m = m/; n1 = 1, np = 0 — nf] = 0, n, = 1. In this case the
trandational energy is not changed [7], the vibrational quantum numbers satisfy
n1 + nz = nj + nb. The corresponding transition probability is

A"223 Sin? (M)
LA prowiwa(wi — wo)? 2

Pri10-mo1= (21)
Equation (20) indicates that the transition probability increases with w; approach-
ing wp. When wy = w», it reaches the maximum value

m,1,0—-m,0,1 — 4L4,u,1,u,2wf .

That isto say that the effect of V-V energy transfer is optimum when the angular
frequencies of two molecules are equal. This phenomenon may be caled V-V res-
onance. It is easy to see that the results mentioned above are very similar to those
obtained using usual time-dependent periodic perturbation theory. But it should be
pointed out that the resonance of the latter results from the periodic perturbation
out side, while that of the former from the interaction between molecules. For this
reason the physical mechanisms are different.

(i) Transition ny = nb; m =1, n1 =0— m' =0, nj = 1. It represents the energy
transfer between vibration of AB and trandation under the condition that the
vibrational quantum number of CD is not changed. The corresponding transition
probability is

A"zh"}/l)\z §n? (w1 — E)t,
4211w (hwy — E)? 2h '

Equation (23) indicates that the transition probability increases with E approaching
w1, when E = hwq it reaches the maximum value

P10n,—01m, = (23)

(max) B AHZ'YJZ_)\Ztg

1,0,n,—0,1ny — 16772h,u1w1 . (24)

That isto say that the effect of T-V energy transfer is optimum when the transla-
tional energy difference F is equd to the vibrationa energy difference Aiw,. This
phenomenon is called T-V resonance. Obviously, the results mentioned above are
gtill similar to those obtained by using time-dependent periodic perturbation the-
ory. But the former results from the interaction of vibration of AB and trandation.
So two mechanisms of them are different.
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(I1) Rapp and Golden had delt with the so-called resonant exchange process [6,7]

AB(n1 = 1) + BA(np = 0) — AB(n} = 0) + BA(n) = 1). (25)

The transition of such a process can be obtained by solving the following equation [7]:
d I o Wi —W,

&Crs(t) = *ﬁEOA(t) Z Z Brs,jne( 7 Sn)tcjn(t)y (26)

j=0n=0

where Ey = %Mvg is the initial trandational energy, A(t) denotes the classical tra
jectory. w is the angular frequency of AB (or CD). y1 = 2 = ma/(ma + mg),
p1 = p2 = = mamg/(ma + mg), M = 3(ma + mg). The transition probability
from the quantum state n1, np to ny, n} is

Pnl,nzﬂn'l,n'z = ’Cn/l,n/z‘ :

(27)
Due to that equation (26) contains infinite variables c,(t), it cannot be solved by usual
method [8]. To solve equation (26) we should introduce some hypothesis. We assume
that there exists a certain resonant mechanism between the initial staten; =1, no =0
and the final state nj = 0, n, = 1 of the process (25), i.e,, the so-called resonant
exchange mechanism [6,7]. Therefore, we can retain the terms containing ci9 and coz.
Thereby (26) can be simplified to be a set of equations containing only two variables

c10 and coy, they can be solved by using usual method. Then we can obtain
Pro01 = |coa|* = sin® (5- 10" "vg), (28)

here vg is the initia trandationa velocity.

However, why is there resonant exchange mechanism between the initial state
and fina state of process (25)? What is the theoretical basis? In view of the fact
that this resonant mechanism is not similar to that in classical mechanics or quantum
mechanics, the reliability of the expression of transition probability, equation (28),
remains to be confirmed.

It is easy to see that the resonant exchange process (25) is just the case of (i)
discussed above. Here we still adopt the method presented by Rapp and Golden.
For the process (25), under the condition of near resonance there is interconversion
between trandational energy and vibrational energy [7] AE = h(w1 — wp). On the
other hand, since this process concerns trandational energy, we have AE = fFy (f is
proportion parameter). If we set t. = R./Uo, Uo = vo/2, R. may be approximately
regarded as effective collision distance. Thus we get w1 —wy = fEo/h, (w1 —w2)te =
(f M R./h)v. Substituting those expressions into equation (21) yields

432
Prnio-mo1 = P1o-01= L4ZZZZ 7 sin? fﬂéRe vo. (29)

In deriving equation (29) we have used A” = FEy. With the aids of the data
presented by table 5 we can obtain R, = 4.8 - 107%ng/ma = 0.9 - 1078 cm,



232 S Ding et al. / Dynamical Lie algebraic method

Table 5
Dynamical parameters in process (25).

Dynamical parameters Reference

M =3(ma+mg)=10amu  [67]

ma = 1 amu, mg = 19 amu [6,7]
L=02-10"%cm [7]
w=12-10" sec™? [5]
te 210- 1075 sec [5]

f =1255-10"%mpa /mpg = 3.3-10~3. Substituting these results into equation (20), we
obtain equation (28) again. The results above show that the reliability of expression
(28) obtained by resonant exchange hypothesis can be confirmed by using the dynam-
ica Lie algebraic method. But it should be noted that the resonance stems from V-V
resonance between not the initial state and final state of process (25) but two mole-
cules. Such a resonance depends not on whether two molecules are the same, but on
whether the vibrational frequencies of the two molecules are identical approximately

(w1 = wo).
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